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ON THE PROPOSED REMOVAL OF SMITH’S ISLAND. 
By Pror. LEWIS M. HAUPT. 
Read before the Engineers’ Club of Philadelphia. 


Tue commercial interests of Philadel- 
phia have developed to such an extent 
as to create a demand for greater wharf- 
age facilities with deeper water; and 
that cereals and merchandise may be de- 
livered without too many hardlings it is 
advisable that cars should be run im- 
mediately alongside the vessels to be, 
laden. Po accomplish this it is proposed | 
to lay tracks on Delaware Avenue, al- 
ready too narrow, and to make provision 
for the space thus occupied by extending 
the Port Warden’s line farther out and 
thus contract the river channel now only | 
about 800 feet wide at the narrowest | 





information that the Russian Govern- 
ment has just concluded, through Major 
W. R. Bergholz, a contract with the 
Morris & Cummings Dredging Company 
of New York, for deepening to a uniform 
depth of twenty feet the channel of the 
river Neva, between Cronstadt and St. 
Petersburg. Twenty-five thousand dol- 
lars were cabled to Russia last week as 
earnest money. The dredging ‘ plant’ 
will cost $200,000. Most of it will be 
constructed in this country, and will be 
on hand ready for operation on first of 
May next. The quantity of mud, etc., 
to be excavated is estimated at 15,000,- 


part. Several of our largest shippers|000 cubic yards, and the work must be 
have requested permission to extend completed in four years. (The contract 
their wharves several hundred feet.;was obtained after sharp competition 
Were this to be allowed in a few isolated with English operators.) ” 
cases it would introduce dangerous bar-| To widen the Ship Channel of the 
riers to navigation, and if an advance be| Delaware River 1000 feet along the 
made all along the line it would seriously | Smith’s Island front, and to a depth of 
contract the channel, unless a portion of |18 feet, would require the removal of 
Smith’s Island can be removed. |only about 5,000,000 cubic yards of ma- 
The project is by no means a physical | terial at a cost of about $1,000,000, 
impossibility, as much larger deposits) The same width and depth of channel 
have been successfully taken away. The | may be obtained if desired, for less than 
work of improving the river Neva in| +; the cost of dredging, by a careful ad- 
Russia is one of far greater magnitude | justment of the regimen of the river by 
as the following clipping from the Ledger | auxiliary constructions such as jetties, 
witnesseth : |rip-raps, sand fences or bottom-dams. 
“ Following the large order from Russia| Before these structures can be located 
for Philadelphia locomotives comes the | precisely, it will be necessary to make a 
Vou. XIX.—No. 5—25 
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careful examination or survey of the 
river to determine its surface and mean 
velocity, the nature of its bed, its cross 
section, the directions of its banks and 
currents, whether straight or sinuous and 
its longitudinal slope. These quantities 
are evidently functions of each other, and 
together constitute what is known as the 
regimen of the river. So mutually de- 
pendent are they that a change in any 
one will affect them all. 

The tendency of rivers is to maintain 
a constant regimen, and this fact is the 
key to the solution of many problems re- 
lating to river improvements. 

All fresh water flowing through allu- 
vial deposits carries with it in suspension 
more or less earthy matter. We find, 
therefore, a continual tendency to deposit 
where the velocity is least, and to scour 
where it is greatest, and this mechanical 
action of water is constantly pushing the 
river bed downwards to the sea. It is 
estimated that the “ Mississippi annually 
transports to the Gulf a volume of allu- 
vion one mile square and 241 feet high, 
weighing over 400,000,000 tons, and at 
the same time it pushes over the bar at 
its mouth an amount equal to +; of that 
sum,” making eo over 272,000,- 
000«ubic yards. This is far beyond the 
limits of our present mechanical possi- 
bilities. Thus the river furnishes its own 
métive power, gathering up its load as it 
rolls along, and dumping it at the end of 
its course, not always, it is true, just 
where it is desired, unless the spot be in- 
dicated by depositing some obstruction, 
in which case it will not fail to notice the 
sign “dirt wanted here,” and continue 
adding until its regimen is re-established, 
when it will move on as before. 

Let us assume a straight length of 
river-bed of uniform cross section, a cer- 
tain fixed stage of water and inclination, 
direction and nature of bed, and we will 
find the discharge will be constant, or the 
water and its suspended earthy particles 
will move on with a uniform velocity, 
some being deposited, it is true, while 
others are pushed along or gathered up; 
but the mean velocity of the parabola 
representing the wave front will remain 
uniform. So soon, however, as the above 
relations are disturbed, the effect becomes 
at once manifest. Suppose, for example, 
the cross section be increased ; the velocity 
would be reduced, and, consequently, the 


carrying and scouring capacity being 
limited, deposits would be formed; or if 
a bend be introduced, it would retard the 
threads of the current on its side of the 
stream, whilst those of the opposite side, 
| flowing faster, must return to fill the 
vacuum which would otherwise be 
created, and thus be drawn over towards 
the bend to receive a new impulse from 
the inner threads, and by these constant- 
ly recurring differences of velocities cause 
the alluvium to be precipitated. 

Again, should one stream intercept an- 
other of lesser volume, the mouth of the 
latter would become choked up with a 
'bar, in consequence of the reduced ve- 
locity of its currents, which will then 
spread out laterally in the effort to main- 
| tain a constant discharge, and so form 
| deltas. For this reason, I do not believe 
| the improvement at the South West Pass 
'to be a permanent one. The effect will 
jultimately be to elongate the bar into 
|the deeper water of the Gulf, but the 
extension will be so gradual that the ex- 
pense of maintaining an open channel 
will be very slight. 

On the other hand, anything tending 
to reduce the cross section and so in- 
crease the velocity or discharge will pro- 
duce a scour, and unless the bed be of rock 
or hard pan, will deepen or widen the 
channel. Such contraction may be ac- 
complished in two ways, either laterally 
by drawing in one or both banks, or ver- 
| tically by filling up the bottom to a lim- 
ited height. 

As a consequence of the principles 
just enunciated we will find in an allu- 
vial bed that where the distance between 
the banks is least the channel is deepest; 
where greatest it is shallowest, or bars 
are most numerous; where points jut out, 
forming elbows, there will invariably be 
a shoal on the lower convex shore, whilst 
on the opposite or concave side will be 
found the best channel; that at the efflux 
of a lake, or broad expanse of river, 
where the several currents assemble be- 
fore a final shoot through the contracted 
water-way, there will be deposits, and 
that at the mouths of rivers emptying 
into running water or beaches exposed to 
the winds and waves, bars will be 
formed, sometimes to such an extent as 
entirely to interrupt navigation. 

Indeed, on the south shore of Lake 
Superior I have walked over the mouths 
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of some small streams without suspect- 
ing their presence, and only discovered 
them by exploring inward. 

With a knowledge of these principles 
it is possible to predict with almost ab- 
solute certainty just where shoals may 
be found by a mere inspection of the 
outlines of the stream. 

The tendency of an elbow to cause de- 
posits is one which constantly increases, 
so that the bar creeps up stream to meet 
the elbow and ultimately joins itself to 
it, forming a spit. This so greatly re- 
duces the water-way as to cause erosions 
at other points that the regimen may be 
preserved and thus new channels are cut 
through. Hence the fickleness of rivers 
with low, earthy banks. 

But to return to the application : 

Smith’s, or more more properly Wind- 
mill, Island is represented, so far back 
as we have any authentic data, consider- 
ably farther down the river than at pres- 
ent, and it has been gradually creeping 
up stream, until now its upper end is 
about opposite Chestnut Street. To cor- 
roborate the above theory I have ex- 
amined the oldest obtainable maps in the 
Mercantile Library, Pennsylvania His- 


torical Society, Philadelphia Library, 
City Engineer’s Office, and Franklin In- 
stitute, with the following results : 


The map of Thos. Holme, Surveyor 
General of the Province, 1681, shows a 
small island opposite Spruce Street, and 
another much larger about opposite 
Kaighn’s Point. 

In 1762 Windmill Island extended from | 


| upper one being attached to the island, 
‘the lower reaching to Washington Ave. 
| The map of a survey by Jno. A. Pax- 
ton, and drawn by Wm. Strickland, En- 
gineer (1824), shows three islands extend- 
ing from Catherine to Arch Streets with 
shoals at either end. « 

| Port Warden’s map (1836) having no 
date other than that of its presentation 
to the Franklin Institute, and no name, 
shows the upper end of island reaching 
|above Chestnut Street with isolated up- 
per bar extending to Arch Street. The 
lower limit is not defined. (No canal 
shown.) 

On the map of F. I. Roberts (1838) 
the island extends from Shippen to above 
Chestnut Street with a separate shoal 
‘reaching as far as Arch Street, and a 
shoal below from Washington Avenue 
to above Christian. (Canal shown as cut 
| through.) 

Map of Chas. Ellet, Jr. (1839); island 
from South to between Market Street 
| (with canal) and isolated bars above and 
below, the latter reaching from below 
| Washington Avenue to Fitzwater Street, 
the former to Cherry Street. Total 
length with bars, 14 miles. 
| The U. S. Coast Survey map (1843) 
| shows the island as extending from Ship- 
| pen to between Market, with ferry canal 
‘cut through, also a detached bar below, 
dry at low tide; one fathom depth just 
_above Washington Avenue, and an at- 
tached bar on the up-stream end extend- 
ing to Cherry Street, with one fathom of 
| water below Callowhill Street. 

The Surveys of Richard Hexamer 


below Christian to below Spruce Street, | (1868) limit the island by the prolonga- 
with bars all the way up to Cooper’s | tion of South and Chestnut Streets; and 


Point. (No name to map.) | 

The map of Scull & Heap, 1777, gives | 
about the same position for the island. 

On the map of 1796 the island ex-| 
tends from below Shippen (now Bain- | 
bridge) Street to below Chestnut, with a| 
shallow channel across it opposite Spruce | 
Street; or, in other words, a shoal show- | 
ing above water between Spruce ahd | 
Chestnut Streets, but not yet joined to 
the body of the island. 

Hill’s map, 1808, represents six small 
islands or flats dry at low water extend- 
ing from Christian to Vine. 

In 1811, the island extended from be- 
tween Shippen to between Market or 
High Street, with bars at each end, the 





Dyer’s map of 1869 makes it reach from 
Shippen nearly to Arch Street. 

Of all these the only maps giving any 
information concerning the depths are 
those of the U. 8S. C. S., made in 1843— 
and the Port Warden’s map having no 
date affixed—and, consequently, the only 
one upon which any reliance can be 
placed is that of 1843. Still a general 
comparison of all shows an average 
movement of the lower end of the island 
up stream from Christian to South Street, 
a distance of 1900 feet in 106 years, or 
from 1762 to 1868. 

From the comparative soundings of 
1819 and 1836 as given on the Port 
Warden’s Map and those of the Coast 
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Survey of 1843, we are enabled to trace 
in plan the axes of the deepest water at 
those dates with the following notable 
results. In 1819 the axis was 250 to 300 
feet from the Port Wardens line and 
very nearly parallel thereto. In 1836, 
after 17 years, it had evidently moved 
slightly towards the City shore, and in 
1843 was still nearer from Race Street to 
Chestnut Street, approaching to within 
90 feet of the pier heads at Market 
Street. At Chestnut Street it made a 
bend, convex towards Smith’s Island, 
having its maximum ordinate opposite 
Walnut Street, and remained outside the 
lines previously occupied to beyond the 
limits of the maps. 

Theory would suggest that as the ap- 
proach to the island happened just op- 
posite the canal cut for the Philadelphia 
and Camden Ferry Company, it must 
have resulted from the set of the current 
in that direction, and as there is a corre- 
sponding flexure of the deepest water 
line in the Jersey channel it corroborates 
the theory. 





A search for the date of the opening 
of the canal resulted in a note from Mr. 
Thompson Wescott to the effect that) 
“the work was authorized by Act of| 
Council, Feb. 14, 1838, and dama es 
assessed the same year @ $2000. The, 
Canal, 150 feet wide, was cut soon after- | 
wards,” he supposes in 1838-9. At first, | 
both sides of the canal were of the same 
length, in consequence of which it filled 
up rapidly, but by extending the upper | 
side into the Jersey channel to intercept 
the flood tide and the lower side into the 
Pennsylvania channel, to catch the ebb, 
and cause a scour, it has since been kept 
open. The survey of 1843, four years 
after the opening of the canal, shows a 
very marked effect upon the axes of the 
currents. An examination of the profile 
shows 29 feet opposite the old Navy 
Yard, near the lower end of Shoal, below 
the island. Thence the depth increases 
with undulations to 58 feet at a point 
above Race Street, at the upper end of | 
the shoal above the island (distance 
6800 feet), whence it suddenly shoals to’ 
314 feet opposite Cooper’s Point (distance 
3200 feet), at which place the river is 
widest. 

It deepens again to 37 ft. opposite lower 
end of Petty’s Island, and shoals gradu- | 
ally to a point above the Reading Com. | 


pany’s wharves where there are but 19 
feet of water, thence the depth increases 
to 26 feet at head of island, and, finally, 
runs up to only 13 feet, just below 
Fisher’s point, where it pitches down 
suddenly to 38 feet. 

Returning by the Jersey channel we 
find the distance somewhat greater, by 
the deep water line, because it is more 
sinuous in consequence of the greater 
width of channel and less depth of water. 
The same general observations obtain in 
this case as in the other, ¢. ¢., where the 
river is broadest it is shallowest and vice 
versa. Considering the profiles of the 
two channels together, we find, as a rule, 
the average depth greatest where the 
breadth is least, and the reverse, so that 
we may safely conclude from these 
(observations and deductions) that if 
by any means the breadth or depth be 
reduced the depth or breadth will be in- 
creased in consequence of the scour pro- 
duced by the increased velocity given to 
the stream. This diminution of the 
sectional area may be produced either 
laterally by constructing jetties and 
levees, or vertically by forming sub- 
aqueous dykes or dams on the bed of the 
stream, and crossing the same either di- 
rectly or obliquely. The latter being 
generally better as it will change the di- 
rection of the resultant thread of the 
current so as to cause it to act more 
nagesee on the deposits to be removed. 
n applying these principles to the case 
in point, I should recommend the latter 
method of reducing the water-way by 
oblique dams (see map) constructed, 
first of large stone thrown into the river 
on range lines established by signals 
erected on the island, and filling in on 
the up-stream side with rip-rap or bal- 
last from vessels. The Penna. end of 
the dam should be somewhat higher than 
that resting on the island, and no part 
of it should have less than thirty feet of 
water over it at mean low tide. As an 
auxiliary structure I should extend the 
pier heads near Willow Street (see map) 
down stream, at such an angle as to de- 
flect the current towards the head of the 
island, and believe, that by thus expend- 
ing afew thousand dollars, the present 


channel may be so deepened and widen- 


ed, as to avoid entirely the removal of 
the island. At present I do not think it 
advisable to remove any of the fast land 
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which is now sufficiently protected by a/river from the alluvium thus disturbed. 
ceasing of piles; but, on the contrary, I | It is my opinion that it will not seriously 
believe it would work serious injury to | affect the present navigable channel, but 
the harbor were any very considerable | it will doubtless add to the magnitude 
part of the island to be removed, as in| of the barsalready existing below Green- 
that case the deep water channel ‘would wich, Gloucester and Red Bank. 
recede from the Penna. shore where bars} As to the time required to effect these 
would soon form and destroy the ap-| changes it is impossible to make any pre- 
proach to the harbor. It is also service- | dictions with certainty, for it will depend 
able as a breakwater, besides furnishing | largely upon the stages of water, and be 
so much more room for stowage and | retarded to a considerable extent by the 
wharfage which are as essential to com-| flood and stand of the tide, but it will 
mercial interests as good water. doubtless improve the channel, at least 
I do not believe the time has yet ar-|as rapidly as the demand for greater 
rived when it will pay to pull up the | shipping facilities increases. 
piles now surrounding the island, and | A new survey of the river is now be- 
set them further back, but I do think it | ing made by the U.S.C. S., under the 
would be expedient to deepen the chan- | supervision of Capt. S. C. McCorkle, the 
nel close up to the present wharf lines | results of which will be looked for with 
on the island by the inexpensive method | great interest, as indicating more cor- 
proposed. rectly than can be done by other means 
The question will naturally arise as to|the exact location of any proposed im- 
the effect upon the lower reaches of the | provement. 








WATER SUPPLY TO A STAMP MILL IN VENEZUELA, WITH 


NOTES ON KUTTER’S FORMULA. 
By WM. A, BIDDLE. 
From a Paper read before the Engineers’ Club of Philadelphia. 


In making the necessary calculations} These consisted (see Profile) of a 
for the location and construction of | pumping station at the foot of a steep 
works to supply water to a quartz mill | hill on the Yuruari River (an affluent of 
in the gold region of Venezuela, South | the Essequibo), delivering water 160 feet 
America, the wide differences between | above the pump into a line of troughs 
the formulas given by well-known au-| (7X6 inches inside, made of inch boards) 
thorities for the flow of water in pipes | laid along the hill sides on a descending 
and open channels became very apparent, | grade of .3 per 100 for a length of 4,100 
particularly when applied to compara- feet, the line crossing two deep ravines 
tively small dimensions. This mill of | by inverted syphons (of boiler flues five 
thirty stamps and the general plant of the | | inches diameter outside) 694 feet and 
company owning it, had previously been | 518 feet long, bringing the water to the 
built close by the outcrop of the quartz | second pumping station at the foot of a 
vein and almost three miles from the | range of hills extending inland, whence 
nearest stream, in the disappointed ex-|the water was delivered 195 feet above 
pectation, on the part of the gentlemen | the pump into a second line of troughs 
then managing, of getting a supply of | 10,450 feet in length—this line crossing 
water by sinking to a moderate depth on | another ravine by an inverted syphon 605 
the vein. feet long—bringing the water into a 

In order to show the conditions to | ravine icienaliindiiae taheer the stamp mill, 
which the formulas were applied, and | whence a third pump run from the mill 
also as illustrating some of the peculiari-| boilers delivered it into the mill tank; 
ties met with in that country, a few/the total surface length of the line, in- 
descriptive notes@re given of the works | cluding the section and discharge pipes 
referred to. of the pumps, being 17,300 feet, and the 
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stroke, with 6-inch suction and 4-inch 
discharge pipes. The boilers were of 
locomotive pattern, having forty-five 3- 
inch flues eight feet long, and the exhaust 
of each pump was led into the smoke 
stack of its boiler. Check valves were 
placed in the discharge pipes close to 
the pumps, and inch pipes were tapped 
in just above the valves and leading to 
the boilers, which were thus fed by the 
—— of the water column, though 

aving injectors for use in case of neces- 


sity. 

The boards for the troughs were saw- 
ed at the company’s sawmill, close by 
the stamp mill. The durable native 
woods, with one or two exceptions which 
are of very rare occurrence, are extreme- 
ly hard and heavy. The boards come 
from the saw quite smooth, but it is al- 
most impossible to drive a nail near the 
edge without splitting the wood, and, 
therefore, the side boards of the troughs 
were bored for the nails by a machine 
fitted up for the purpose in the saw mill. 























The troughs varied in length from twelve 
to sixteen feet, and were so stiff and 
strong that no supports were needed be- 
tween the joints. 

The pumps, boilers and fixtures, pipes, 

ipe fittings and tools, valves, bends, 
alts and nuts, nails, indeed everything 
used in and on the work except the 
boards, had to be shipped by sailing 
vessels from New York up the Orinoco 


~. 





River some 300 miles, landed by lighters, 
loaded on ox-carts, and hauled 150 miles 
inland to the mines. Fortunately both 
pumping stations were close to the cart 
roads, but many of the syphon pipes 
had to reach their destination among the 
hills by being packed on donkeys. 

The preliminary grade line for the 
troughs was run with a builder’s level, 
or triangle, eight feet long and made of 
boards. This was really the quickest 
and handiest ipstrument that could be 
used, for almost every foot of the dis- 
tance had to be cut through the dense 
tangle of vines, briers and lianas which 
form the undergrowth of the tropical 
forests, and the amount of chopping was 
thus reduced to an opening just sufficient 
to drag the triangle along, while by 
driving pegs and keeping “tally” both 
the measurement and the grade line 
were obtained in the one operation with 
enough precision for preliminary work. 
The final leveling, after the line had 
been approximately located and cleared, 
was done with a “Heller & Brightly” 
small mining level, which proved a most 
satisfactory instrument. 

In calculating the heads to be given to 
the inverted syphons for amaximum dis- 
charge of thirty-five cubic feet per min- 
ute, two formulas were applied, Weis- 
bach’s for friction head (velocity head to 
be added), and Eytelwein’s as given by 
Trautwine for total head, and also by 
Beardmore; with the following results : 

Feet long. Eytelwein. Weisbach. Diff. 


1st. Syphon, 694 19.09 14.67 4.42 
3d. = 605 . 16.71 12.83 3.88 
518 . 14.39 11.04 3.35 


11.65 


Those by Eytelwein being thirty per 
cent. greater than those by Weisbach. 
In the absence of any record of the use 
of such small pipes (4.7 inches inside) as 
inverted syphons, it was thought wiser to 
take the larger results though involving 
a greater loss of elevation by almost 
twelve feet, and also to add two feet for 
bends and possible obstructions in the 
pipes, so that the heads actually given 
for the above lengths were twenty-one 
feet, nineteen feet, and sixteen and a 
half feet respectively. Trautwine re- 
marks on this subject as follows: 
“Recent experimenters state that the 
old formulae in use, though generally 
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sufficiently exact for ordinary practice, 
are to some extent defective. Weisbach 
asserts that for velocities less than 14 
feet per second (full one mile per hour) 
the heads given by the other formulae 
are too small; and for higher velocities 
too great. On the other hand many 
measurements by competent engineers 
seem to show that the old formulae give 
all the accuracy required in common 
practice.” 

The first trial of the works, and un- 
fortunately the only one made before the 
engineer left the country, included only 
the first pumping station, 1,500 feet of 
troughs and the first syphon, and was 
made under circumstances which ren- 
dered it impossible to test the perform- 
ance of the syphon further than ascer- 
taining that the 22 cubic feet per minute, 
then estimated to be flowing through the 
troughs, passed the syphon with no indi- 
cation of filling the high side. The 
three syphons have now been in use 
nearly two years, but the only informa- 
tion yet received about them states, that 
when the works are furnishing more 
water than the mill needs the syphons 
show no sign of filling the high sides. 
This proves that the formula used was 
certainly safe in this case, bet it is hoped 
that further details will soon be received 
by which to learn how much it is in ez- 
cess of safety, and whether Weisbach’s 
formula might have been safely used, 
since an unnecessary loss of twelve feet 
of elevation could hardly be considered 
by Mr. Trautwine as “sufficiently exact 
for common practice,” and sometimes 
might be of very serious importance. 

At the trial, during which the pump 
was run slowly, the water flowed in the 
troughs three inches deep, and a small 
piece of inch board floated through the 
1500 feet in 9} minutes, or at the rate of 
2.7 feet per second. If this was the true 
surface velocity, then taking the ratio 
between the surface and mean velocities 
at .85, the mean velocity would have 
been 2.3 feet per second, giving a dis- 
charge of twenty cubic feet per minute. 
But the float was of such heavy wood 
that it was immersed its entire thickness, 
thus having its under side only two 
inches from the bottom of the trough, 
and there can be no doubt that if a 
strictly surface float, such as a thin disc 
of light wood, had been used, a consid- 





erably greater velocity would have been 
shown. Moreover the line of troughs in 
following the grade along the contour of 
the hillsides had almost constant changes 
of direction at the joints, while the 
formulas- fer discharge through open 
channels are given for straight channels, 
so that in order to compare them closely 
with the observed result in this case a 
correction should be applied to the re- 
sult both for thickness of the float and 
for crookedness of the channel. 

The differences between the formulas, 
both older and more recent, that were 
tried on this case, are in the values given 
to the co-efficient C in the formula for 
mean velocity, in feet per second, 

V=C,/RS 
in which R is the hydraulic mean radius 
(area of water section divided by its wet 
perimeter), and § is the fall in one unit 


of length. Here the water section was 
7X8 inches, or .58X.25 feet=.145; and 


ae... The fall being 
.25+.58+.25 
-3 per 100, 
S=.003, and ./RS=/.134 x .003=.02 
Beardmore gives for ordinary use, 
V=94.2 ./RS 


And for “channels constructed with 
great care and straight in direction,” 
V= 100,/RS 

The former gives in this case a mean 
velocity of 1.88 feet per second, and the 
latter two feet, corresponding at 85 per 
cent. to surface velocities of 2 2 and 2.35 
feet per second respectively—both much 
below the observed result even without 
correction. 

Weisbach gives 92.5 as the co-efficient 
of ,/RS, and other authorities vary from 
68 to 100. 

Bazin gives four different co-efficients 
for different degrees of smoothness in 
the material of the channel, all including 
the hydraulic mean radius as a factor, 
and the greatest being, for smooth plank 
(Higham’s tables), 


1 — 
ae VRS 


V= 
v .0000457 (F+0"") 


This, applied to the case in question, 
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gives a co-efficient of 112.36, and a mean 
velocity of 2.25 feet per second, corre- 
sponding at 85 per cent. to a surface ve- 
locity of 2.64 feet per second—still below 
the observed result even without correc- 
tion. ° 

Kutter’s co-efficient includes as factors 
both the hydraulic mean radius and the 
inclination, and also a “natural con- 
stant ” depending on the material, and 
for which a table of values is given, vary- 
ing from .009 for smooth plank to .035 
for rivers and canals full of weeds and 
stones. The formula is thus (Higham’s 
tables) 


(1.04280 


VR+N (41.64 


.00281 —_ 
+228) yg 


00281 ) 
Ss 


V= 





RS 


Taking the value of N for smooth 
plank = .009, this gives for the case in 
question a co-efficient of 119.145, and a 
mean velocity of 2.383 feet per second, 
corresponding at 85 per cent. to a sur- 
face velocity of 2.8 feet per second, 
which may be considered as agreeing 
closely with the observed result of 2.7 
feet per second corrected for thickness 
of the float. But as this result was ob- 
tained in a channel very far from straight 
it would seem that even Kutter’s co-effi- 
cient is slightly below the truth for this 
case. It is, however, very close, and 
much nearer than that of Bazin, which 
has been thought accurate when applied 
to small channels, though acknowledged 
to fail on large rivers. 


According to Kutter’s formula a depth 
of .4 feet (say 4? inches) of water in the 
troughs would have a mean velocity of 
2.82 feet per second, which would give 
the maximum discharge of 35 cubic feet 
per minute, assumed in calculations for 
the line, with a surplus velocity of 3.32 
feet per second. 

The ~— translation of Kutter’s 
work (by L. D. A. Jackson, A.I.C.E.) 
gives an interesting account of his in- 
vestigations, in which a great number of 
recorded observations, as well as his own, 
were tabulated and compared in various 
ways and with most laborious research. 
Without going fully into the mathemat- 
ical details, it describes the method of 
deriving the new co-efficient, which may 
be said to consist largely of a synthetic 





application of analytical geometry, by 
plotting the observed co-efficients as or- 
dinates, to abscissas representing values 
of R, and to others representing values 
of S. 

It is claimed that this new formula 
gives co-efficients of ,4/RS which will be 
found correct whether applied to a 
petty drain or an immense river. The 
formula of Humphreys and Abbot for 
large rivers had been accepted as the 
best yet praposed, but their modification 
of it for small streams, when applied to 
small channels with considerable inclina- 
tions, is said to fail as completely as that 
of Bazin on large rivers. But Kutter’s 
formula is said to have been proved on 
the great depths and low inclinations of 
the Mississippi, and to have given co- 
efficients equal to those found there by 
Humphreys & Abbot’s observations, 
which have gone as high 254.4. This 
and its close agreement with observed 
results in the case of the small trough 
which has been described, certainly seem 
to justify the claim made for it and en- 
title it to the confidence of engineers. 

Kutter’s investigations have demon- 
strated the following important and in- 
teresting facts: that for a constant value 
of N, when the hydraulic mean depth 
(R) is one metre, the co-efficient is prac- 
tically the same at all inclinations; that 
with values of R greater than one meter, 
the co-efficient increases as the inclina- 
tion decreases, an extreme case of this 
being the very high co-efficients for 
the Mississippi; while with R Jess than 
one meter, the co-efficient increases as 
the inclination increases up to S=.001, 
beyond which point any further increase 
of inclination has practically no effect on 
the coefficient, which then varies only 
with R. 

In the preface to the English edition 
of Kutter, the translator alludes to the 
anomalous fact that “the English-speak- 
ing races,” while taking the lead in engi- 
neering progress in other directions, 
have been very far behind in hydraulics, 
one evidence and consequence being that 
this book which appeared in Austria, 
Germany, and Switzerland, in 1870, and 
was immediately translated into French, 
Dutch and Italian, was not published in 
England until six years later, and that 
too in spite of costly experience in the 
irrigation works in India of the necessity 
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of more knowledge in this branch of 
science. An extract is also given from 
an article in Engineering, Dec. 31, 1875, 
which says that Neville’s tables of velo- 
cities based upon Dubuat, “though ex- 
pressed in hundredths of an inch, are in 
reality but the wildest guesses at the 
actual velocities in irrigation canals of 
ordinary dimensions. Col. Cautley relied 
upon Dubuat when he laid out the 
Ganges Canal, and found him but a rot- 
ten reed, for the water in every instance 
tore along at an unexpected velocity, 
and erosion of the bed and destruction 
of the works followed.” The writer of 
this article then sets aside as unreliable 
for such work almost all the familiar 
text books, both original and compiled, 
Continental and English, down to the 
time of D’Arcy and Bazin. If engineers 
in England have been behind the age on 
this subject, it is to be feared that we in 
America have been more so, for the Con- 





tinental scientific journals of Europe (in 
which Kutter’s work was first published) 
are less known and read here than in 
England, and are hardly enough 
“quoted ” in our own periodicals to keep 
the profession at large well posted on 
the progress in those countries—else 
some of our lately issued “ Hand Books” 
would have contained Kutter’s very im- 
portant results. 


Kutter’s Zubles are in metrical meas- 
ures, and are therefore not so convenient 
for use here at present, as it is to be 
hoped, they may be some years hence. 
A smaller but more comprehensive set 
of tables for open channels has been cal- 
culated in English feet from both Bazin’s 
and Kutter’s formulas, by Thomas Hig- 
ham, Engineer of Irrigation Works in 
the Punjab, India, which can be recom- 
mended as convenient for use and re- 
liable. 





FRICTION BETWEEN A CORD AND PULLEY. 


By I. O. BAKER. 


Written for Van NosTRANpD’s MAGAZINE. 


THE method of operation, in the ex- 
“eer herein detailed, was to suspend 
nown weights to each end of a cord 
passing over a fixed drum, and measuring 
the friction directly by adding weights 
enough to overcome the friction. The| 
apparatus was so arranged that the arc| 


of contact between the cord and drum | 
This | 
| of an inch in diameter. 
‘tact varied from 0° to 360° by steps of 


could be varied from 0° to 360°. 
was accomplished by arranging an arm, 
which carried a pulley, so as to revolve 


about the drum. Separate observations | 


were made to eliminate the friction of 
the pulley. In the course of the work | 


some difficulty was found in determining  .2319 and .1312 


exactly when the friction and added | 
weight were in equilibrium. In all cases 
the mean position was the one sought. 


product of the co-efficient of friction 


and the are of contact measured in 


| terms of the radius.” 


The first series of experiments was 


, was made upon an oak drum 4.09 inches 


in diameter, which had been turned in a 
lathe and finished with medium fine 
sand-paper. The cord used was a hard 
twisted, three strand, cotton cord, 0.08 
The are of con- 


10° each. All necessary corrections were 
made and the co-efficient computed for 
each angle. The results vary between 
, the mean of the thirty- 
six observations being .1599. Up to 30° 
the co-efficient diminished quite rapidly, 
while from 30° to 360° it decreased 


The co-efficient was computed by the| slowly as the angle increased. This is 
well-known formula, given on page 617 | accounted for by the fact that the cord 
of Rankine’s “Analytical Mechanics,” | became harder under the increased ten- 
which, stated in words, is: “the ratio of| sion. If we neglect four results, which 
the tensions of the free ends of the cord vary more widely from the mean (owing 
equals the base of the Naperian loga- | probably to errors of observations) the 
rithms raised to a power indicated by the | limits then become .1679 and .1412, and 
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the mean .1563. The observations dis- 
carded are all from small angles. 

In the second series, the conditions 
were the same as in the first, with the 
exception of the substitution of a drum 
whose diameter equals 1.81 inches. It 
was noticed that in this experiment the 
data agreed approximately with that of 
the first series to about 140°, hence the 
co-efficient was computed only for the 
twenty-one angles between 140° and 
360°. The range in this case being be- 
tween .1413 and .1265 and the mean 
.1371. For the same angles in the first 
series we would have a range from .1660 
to .1412 with a mean of .1538. 

The third series was made with a cast 





iron drum 3.03 inches in diameter. The 
surface of the drum smoothly turned 
but not filed. The cord was the same as 
used in the other two. Nine experi- 
ments were made at angles from 20° to 
360°. The mean is .1753, the maximum 
.2133, and the minimum .1549. 

For the fourth series the drum used in 
the third series was smoothly filed and 
observations made at the same angles as 
before. The mean this time is .1348, 
the maximum .1685, and the minimum 
.1089. 

[The above experiments were made 
by Mr. C. G. Elliott in the Physical 
Laboratory of the Illinois Industrial 
University. ] 





THE VENTILATION OF THE MONT CENIS TUNNEL, 


By WILLIAM POLE, F.R.SS, L. and E., M. Inst. C.E. 


From Minutes of the Proceedings of the Institution of Civil Engineers. 


In the discussion which took place at 
the Institution in January, 1876, on Mr. 


G. J. Morrison’s Paper “ On the ventila- 
tion and Working of Railway Tunnels,” 
the Author mentioned, that on a visit to 
the Mont Cenis Tunnel in 1873, he saw 
some large exhausters at work at the 
north end, which he had reason to be- 
lieve were used to effect an artificial 
ventilation of the tunnel. He explained 
however, that the information he obtain- 
ed on that occasion was imperfect, and 
that it would be desirable to procure fur- 
ther data. 

In the spring of 1877 he had an op- 
portunity of again visiting the tunnel, 
and of obtaining the further particulars 
desired. The authorities of the Alta 
Italia railway in Turin, who have charge 
of the maintenance and working of the 
tunnel, courteously gave him all neces- 
sary facilities, and the engineer resident 
on the spot fully explained the works. 
He therefore thinks it right to make the 
necessary corrections and additions to 
his former statement, and so to put the 
Institution in possession of the true facts 
of the case. 

The ventilation of the tunnel during 
its construction was described to the 
Institution by Mr. T. Sopwith, Jr, M. 





Inst. C.E., in his Paper of 1864; and in 
1873 he added some further remarks 
about two years after the opening. It 
will be convenient therefore to take up 
the subject at the point where Mr. Sop- 
with left it. 

No special works having reference to 
the permanent ventilation of the tunnel 
appear to have been included in the de- 
sign. Mr. Sopwith stated there had 
been an expectation that, as the Italian 
end was 435 feet higher than the French 
end there would be a constant natural 
current established through the tunnel 
from north to south. But it is difficult 
to understand on what grounds such an 
expectation could have been based. It 
is true that the air at the southern en- 
trance will, ceteris paribus, be more rare- 
fied by about half an inch of mercury 
than that at the northern end; but as 
this rarefication is naturally due to the 
altitude it can have no effect in creat- 
ing acurrent. In a pipe 435 feet long, 
placed vertically, the conditions would 
be similar, but they would cause no as- 
cending current, as the air within the 
pipe would be in precisely the same con- 
dition as the external atmosphere around 
it. Hence the mere difference of level 
of the two ends of the tunnel, can, per 
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se, have no effect in producing ventila- 
tion. 

This view was proved correct by ex- 
perience, for, as Mr. Sopwith stated, no 
such current was found to exist, and the 
ventilation was often far from good. 


This evil was not of sufficient magnitude | 


to annoy the passengers, but it was 
found “bad enough to render the work 
of the watchmen, rail-layers, and others 
employed in the tunnel insupportable at 
times.” : 

To remedy this, advantage was taken 


of the air-compressing apparatus, which | 


had been erected during the construction 
at Bardonnecchia, by laying a pipe about 
8 inehes diameter through the whole 
length of the tunnel, and placing cocks 
upon it at intervals of 125 méters. This 
pipe is still used; it is always kept sup- 
plied with air compressed to about six 
atmospheres, so that by opening any of 
these cocks a stream of fresh air, cooled 
by its expansion, is admitted at that 
part of the tunnel. Whenever, therefore, 
after the passage of a train, a man finds 
himself enveloped in a bad atmosphere, 
he opens the nearest air-cock and is at 
once relieved. 

The Author saw this apparatus at 
work, and it appears to answer the par- 
tial and local purpose intended; but it is 
clear that it can do nothing worth speak- 
ing of to promote general ventilation, 
for the whole quantity of air supplied is 


only about 450 cubic feet per minute, a 


quantity much too small to produce any 
effective change. 


It is alsofound that the loud hissing | 
noise attending the escape of the air) 


from the small apertures has, on some 
occasions, endangered the lives of the 
men by preventing them from hearing 
the approach of the trains. 

At the north, or French end an ad- 


ditional arrangement is adopted, namely, | 


the exhausting process to which the Au- 
thor alluded in his former remarks. 
The origin of this arrangement was as 
follows:—The northern half of the tun- 


nel inclines steeply upwards from its’ 
mouth, to the center of the mountain; | 


and as the vitiated air generated during 
the works of construction would not 
naturally descend, it was necessary to 
extract it by force. 


bottom of the tunnel, below formation 


For this object a 
channel or culvert was formed at the) 


level, and was carried along pari passu 
with the portion of the tunnel executed 
from the north end. Outside the tunnel 
on the hill above Modane were estab- 
lished large exhausting pumps, which, 
communicating with the channel, sucked, 
by its means, the vitiated air from the 
interior of the tunnel, the fresh air sup- 
plying its place, partly from the work- 
‘ing of the compound air machines, but 
chiefly by entrance at the mouth, direct 
from the external atmosphere. 

After the tunnel was completed, and 
when the defects of ventilation were felt, 
it was resolved to retain this apparatus 
in action, and it is at work still. 

The exhausting apparatus consists of 
four large bell-vessels, like small gas- 
holders, inverted in water. These are 
-made to rise and fall by water-power, 
_and being furnished with inlet and outlet 
| valves, they act as air pumps, exhausting 
the air from a chamber below, which is 
|in communication with the channel un- 
der the tunnel. Each bell is 5 méters in 
| Gametor, and works with a stroke of 2 
meters, making six or eight strokes per 
/minute. When the Author was there 
three of them were at work, at about six 
strokes per minute, and he calculated 
'that they pumped in all nearly 25,000 
cubic feet of air per minute. 
| The air-exhaust channel under the 
tunnel is of rectangular shape, 1 square 
méter in area, and it has apertures at 
intervals of 500 meters, capable of being 
closed and opened at pleasure. Usually 
those nearest the mouth are closed, and 
the more distant ones open, so as to 
draw away the air as far in as possible; 
but the men open any of them when they 
find it necessary to clear a particular spot. 
Of course the fresh air enters from the 
mouth of the tunnel to supply the place 
of what is removed by the exhaustion. 
The Author inquired what was the prac- 
tical effect of this exhausting process, 
and he was told that it was insufficient 
and unsatisfactory. The apertures near- 
est to the mouth were found to draw 
very well, but at a further distance away 
little or no draught was perceived, and 
consequently the process had no benefi- 
cial operation where it was wanted, that 
is, near the middle of the tunnel. 

On examining the mechanical con- 
ditions of the problem, this disappoint- 
| ment is easily accounted for. The quan- 
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tity of air extracted gives a velocity | powerful draught. Thus, if the air pres- 
along the exhaust-conduit of about +40 sure, at the same altitude above sea-level, 
feet per second, and to overcome the | differs on the two sides of the mountain 
frictional resistance due to this, over a) by only +; of an inch of mercury, this 
length of several miles, would require | would suffice to create a current through 
much more power than the bell-pumps the tunnel of 74 miles an hour. And 
are able to afford. Their exhaustive there is no doubt that, from the very 
force is only about 20 inches of water) variable meteorological conditions in 
(100 lbs. per square foot), and they arein- these high regions, such differences, 
capable of doing more without exceed-|or even much greater ones, must often 
ing their hydraulic seal. Hence, under occur. A difference of 3 an inch of mer- 
the given conditions, the exhaustion|cury would generate a current of 16 
can only act during the first mile or two} miles an hour. 
of the tunnel, leaving all beyond un-| In addition to this there is also the 
affected. effect of the wind, as a brisk gale blow- 
From the foregoing description it may | ing from the north or the south, as the 
be inferred that the artificial processes | case may be, would have sufficient force 
of supplying compressed air at the Ital- to give rise to some current through. 
ian end, and of exhausting the air at the; These meteorological conditions would 
French end, although of some use locally | no doubt vary much at different periods; 
and partially, can have no important | sometimes they would act very power- 
influence in producing any thorough | fully, at other times they would not act 
ventilation of the tunnel. jat all. All this fully accounts for the 
In the face, however, of this inference | the statment made by Mr. Sopwith from 
one is met with the undeniable fact that | personal experience. He said “The dif- 
somehow or other, a considerable amount ference in the ratesof the air currents 
of general ventilation does go on.) was very remarkable. During a few 
There must be a large quantity of viti-| days he spent in the tunnel, on one day 
ated air produced by the frequent pass- | the air was almost stagnant, and on the 
age of powerful engines, and yet it is| following day he could hardly keep his 
not found that the passengers are in- | hat on.” This is just what might be ex- 
commoded thereby; on the contrary, pected from currents produced by mete- 
they generally testify to the pleasant- | orological changes. 
ness of the atmosphere in passing) There is, however, another cause of 
through. Hence, although as before spontaneous ventilation which is always 
stated, inconvenience is found by the|at work, with much more regularity, 
men immediately after the passage of namely the heating of the air inside the 
trains, it is clear that a sufficient general | tunnel. In regard to this, the difference 
movement must go on to effect, after a| of level of the two ends becomes a very 
time, the entire removal of the noxious| material feature; the tunnel in fact as- 
vapors. It will be interesting to ed sumes the function of a ventilating chim- 
how this can be explained. ney 435 feet high; and when its contents 
The mechanical action of the moving | are rarefied by heating, the production 
trains may be left out of the question; it of an ascending current from north to 
would have no preceptible influence in| south is perfectly natural. The heating 
moving the great mass of the contents of the air may occur in two ways: it 
of the tunnel, and in all probability the | may partly be caused by the higher tem- 
air only slips by them from the front to| perature of the walls; for although the 


behind as they pass along. 

It has been already remarked, too, 
that no current can be due to the mere 
difference of level of the two ends; but it 
may happen and no doubt does happen, 
that, independently of this, the barome- 
tric condition of the atmosphere gene- 
rally may be different on the two sides of 
the Alps, and a very slight difference in 
this respect would suffice to create a 


theories at first held as to the supposd 
‘high temperature of the interior-of the 
mountain have not been borne out by ex- 
perience, yet the heat is, no doubt, some- 
thing greater than that outside. But 
the chief source of the heat will be the 
working of the engines; and_ it is matter 
of fact, that the general temperature in- 
side the tunnel is maintained at a much 
higher degree than the external air at 
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the ends. According to Mr. Sopwith, 
this temperature may be estimated at 
83° to 90° Fahr., which would give an 
elevation of from 30° to 60°; and calcu- 
lation will show that, assuming all the 
air in the tunnel to be heated to this ex- 
tent, it would suffice to establish a per- 
manent current from Modane to Bardon- 
necchia. 

The Author had, when he last came 
through the tunnel, from south to north, 
a practical proof of the existence of such 
a current; for although another train 
had shortly before gone up from Modane, 
filling the inclined part with smoke and 
vapor, yet as he approached the Modane 
end he found the atmosphere perfectly 
sweet and clear, the whole of the foul- 
ness having in the short interval been 
carried away. 

These three causes, then, namely the 
difference in the barometer on the two 
sides, the wind, and the elevation of 


temperature inside the tunnel, appear in 
the aggregate to be effective at present 
in keeping up a fairly good spontaneous 
ventilation. The traftic, however, is not 
large, there being in all only twenty-two 
regular trains per day passing through. 
When this traflic is much increased, it 
may probably be necessary to do some- 
thing to improve the ventilation by arti- 
ficial means. 

In reasoning from this case to others, 
|it must be borne in mind that one of 
|the causes of the present spontaneous 
‘ventilation (and probably the most ac- 
| tive one) depends on the inclination of 
‘the tunnel. In such a case as that of 
|the St. Gothard, which is nearly level, 
'this cause cannot operate, and the Au- 
|thor is not aware what means are re- 
lied on for producing ventilation. The 
tunnel is a mile or two longer than that 
|of Mont Cenis, and of course the diffi- 
culties will be proportionately increased. 








THE DETERMINATION OF ROCKS—PORPHYRY. 


By MELVILLE ATWOOD, F. G. 8, 


From “Journal of Microscopy.” 


Tue generally accepted meaning of 
the term porphyry, without addition or 
qualification, denotes “quartz porphyry,” 
a plutonic rock, with a compact matrix 
or ground mass, consisting of quartz 
and feldspar, with crystals of both, hav- 
ing a specific gravity of from 2.5 to 2.6, 
and containing from 75 to 85 per cent. 
of silica. 


What rock the Comstock miners mean | 


when they say porphyry it would be ex- 
ceedingly ditlicult for any one to tell. 
In reading over the published reports of 
the different Superintendents, they ap- 
pear to be continually meeting with it at 
all depths, and to the east and west of 
the different bodies; also in the shape of 
“horse,” or dead ground, mixed with the 
vein matter, and called “ bird’s eye por- 
phyry.” Now in ninety-nine cases out 
of the hundred, what they call porphyry 
does not in any one respect resemble 
that rock, lacking by 25 per cent the re- 
quired amount of silica, and having no 
free quartz. A very slight examination 
by any one having only a rudimentary 


| knowledge of geology would show that 
|the term porphyry, so applied, is the 
/most unappropriate that could be used 
to describe either the west or east coun- 
try rock of the Virginia portion of the 
'great Comstock Lode. The only way I 
|can account for the use of that term is 
that they prefer it to saying “country 
rock.” 

I hardly think it requires me to say 
how desirable it would be, indeed, nec- 
essary, for those conducting explorations 
and trials on the Comstock Range, to 
know and be able to distinguish the dif- 
ferent rocks they meet with in their op- 
erations, particularly as those rocks en- 
close some of the richest mines yet dis- 
covered in the world, and since the cost 
of those very explorations amount annu- 
ally to millions and millions of dollars. 

It may be urged that the geographical 
maps of the explorations of the fortieth 
parallel contain most of the necessary 
information. I would recommend those 
who think so to examine the maps, or 
any of the cross sections of the workings 
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on the Comstock, beautifully drawn— 
the work, I believe, of Mr. Stretch, but 
colored by the officers of the Survey, and 
they will find that the Mount Davidson 
diorite is colored as syenite, and the 
black dyke, a dolorite as andesite. Most 
of the country rocks overlaying the 
Comstock on the east are marked as 
propylite and andesite. The second pro- 
ylite and andesite are identical in chem- 
ical and mineralogical composition, and 
a slight inspection of the Sutro Tunnel 
and other drainage levels will show that 
petrologically they are the same, in fact, 
the only difference being that the former 
occurs in sheets and the latter in dykes. 
When the feldspar in the so-called pro- 
pylite is very much kaolinized, the rock 
is sometimes termed by the miners bird’s 
eye porphyry. It may be said that the 
new work by Ferdinand Zirkel, “ Micro- 
scopical Petrography,” corrects most of 
those errors, ny admitting in the first 
place that the Mount Davidson rock is a 
diorite. -No mention, however, or sec- 
tion, is given of one of the most import- 
ant rocks of the Comstock range, the 
black dyke; and in the explanation of 
the beautifully colored plates, he has 
neglected to state the number of times 
they are magnified. This is a most un- 
fortunate omission, particularly so with 
respect to the basaltic rocks. My atten- 
tion was called to it by some remarks in 
ore of the Virginia papers, wherein it 
was stated that one of the handsome col- 
ored plates was a section of basalt from 
American Flat. Now, dolorite, aname- 
site and basalt, are, in a mineralogical 
point of view, the same rock, differing 
only in the fineness of texture. 
he following are the approximate 
measurements of the crystals of feldspar 
in these rocks: 

In the Black Dyke, they average from 
7-600 to 20-600 in length, by 1-1200 to 
10-1200 in width. 

In the Dolerite, they are of irregular 
shape, but generally about double the 


size of those in the Black Dyke; while | 
Dean, gave me the rough tracing of the 


there are small masses containing small 
needle-shaped crystals 1-300 to 4-300 in 
length. 

In the Basalt they average from 4-1200 
to 9-1200 long, by 1-1200 to 2-1200 in 
width. 

Eight pages, however, in that work, 
with a colored section, are devoted to 











what is called “ Augite Andesite.” Now 
though I have taken a great deal of trou- 
ble, as yet I have not been able to pro- 
cure a single specimen of that rock call- 
ed Andesite. A few months ago, a good 
authority on such matters, Alphons 
Stubel, of Dresden, passed through this 
city on his way home from South 
America, where he had _ been collecting 
rocks formany years. Knowing that he 
had been at Chimborazo, I thought it 
would be a good opportunity to get 
what I wanted; so when he called upon 
me I asked him as a favor to give me a 
specimen of andesite. He said that he was 
very sorry he could not comply with my 
request, that he really did not know 
any such rock. 

am fully aware that looseness in 
petrological nomenclature is the rule and 
not the exception, and that many geolo- 
gists are found writing of totally differ- 
ent rocks under one and the same name. 
Ido not think that any distinction be- 
tween rocks is worth much unless it can 


be applied in the field. I have stated , 


that the black dyke, a dolorite, but 
which from the fineness of its texture 
might be ealled anamesite, was one of 
the most important rocks in connec- 
tion with the Comstock mines, from the 
fact that it forms the west boundary to 
all the vast treasures of the Comstock, no 
ore worth mentioning ever having been 
found at the west side of it; therefore 
every miner conducting operations in 
that district ought to possess the neces- 
sary amount of knowledge to enable him 
to distinguish that rock. If you will 
look at No. 12 rock and section, you will 
find it is fine-grained and apparently of 
so homogeneous a texture as not to ad- 
mit of its constituent minerals being re- 
solved by the naked eye. I have quite 
a collection of specimens which have 
been given to me, supposing them to be 
that rock. 

In 1867, when engaged in the examina- 
tion of the gold mines of North Wales, 
the well-known mining engineer, Mr. A. 


working plans of the St. David’s mine, 
Clogan, near Dolgelley, and which I have 
brought for your inspection. The geo- 
logical features of that district are the 
Cambrian rocks, overlaid by the lower 
silurian. The St. David’s vein is partly 
in the silurian slate beds, and sheets of 
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greenstone (diabase) lying between the | ‘required by the miner, and in most cases 
slates, and partly in the Cambrians. | he will find that he is able to distinguish 
What I particularly wish to draw your | the structure and composition of all the 
attention to, however, is the transverse commoner rocks, so that with the help 
section, showing the " gold- bearing and | of a small collection of foreign types, 
non-gold-bearing rocks of the Clogan| prepared after the same fashion, he can 

mines, and the very important fact that compare and identify those under exam- 
only those portions of the veins were rich ination. It will be necessary for them 
in gold, or productive, where the walls to read up a little on the subject, and to 
were greenstone acquire a rudimentary knowledge of geo- 

Impressed with the truth of the dis-| logy, which I think can be best done by 
covery, on my return to California I de-|a careful study of such works as “The 
voted a large portion of my time to the | Student’s Manual of Geology,” by J. 
examination of the enclosing and wall) Beete Jukes, 1857; “‘T'ext Book of Geo- 
rocks of the gold and silver bearing veins | logy,” by Dana; “A System of Miner- 
of thisCoast. On the formation of this | | \alogy,” by Dana; “A Treatise on Lith- 
Society, I availed myself of the aid of a| ology,” by Van Cotta, English Edition, 
microscope to carry on my investigations, | by P. H. Lawrence; and “ Determination 
but soon found out that to do so with | of Rocks,” by E. Jannettaz, translated 
anything like satisfactory result I must | by Plympton. 
get a collection of well authenticated) The rock for examination may be pre- 
foreign types, to compare with and |pared as follows: First wash the speci- 
guide me in the work. Through the| men clean, using a brush to get rid of 
kindness of the late Mr. David Forbes, | any clay and dirt; then select the side or 
of London, Dr. Hector, of New Zealand, | |part you wish to examine, and grind it 
and, in San Fransisco, of Mr. H. G. Hanks | down on a piece of sandstone (a shoe- 
and Mr. Charles Schneider, I have nowa| maker’s sharpening stone) until a per- 
collection of some 500 specimens of for- | fectly flat surface is obtained. This will 
eign types, from which, with the assist- occupy but a few minutes, unless the 
ance of my son, I have cut between 1,400 rock is very hard. The surface should 
and 1,500 sections—some of them very |then be worked down still finer with a 
roughly done. I found it necessary to square emery file, using water, and after 
have two or three from each specimen, you have obtained a sufficient polish, 
some cut very thin and others rather wash the rock again, and then let it dry 
thick, to show color and for examination | gradually, either on a stove, or, what is 
with the aid of a parabolic illuminator. | better still, a little brass table, with a 
My collection of rock sections from this | spirit lamp, the same that is used for 
Coast is large; but the result of it all heating slides. When perfectly dry, heat 
amounts to this; I found that every step it again to a point, so that you can bare- 
I took I was traveling on a road that ly handle it; then polish the varnished 
led me far away from what I wanted, | side while hot with a mixture of one 
which was, a method to make it easy for | part of Canada balsam to three parts of 
my fellow miners to understand and dis- alcohol, which must be warmed before 
uinguish the enclosing and wall rocks of | applying it, and laid on with a camel’s 
the different lodes they were working— hair brush. It will soon dry, and if left 
these rocks having so much to do with|for a day or two will harden, so that 
the productivenes of the lodes. ; you can handle it without injury. 

By the merest chance, I have found! The effect of this treatment is remark- 
out a simple way which I think, in a able, particularly on the lavas, as you 
great measure, will partly fill the gap so_ will see by the specimen of trachyte lava 
much needed. from Bodie, which I now present to the 

The different pieces of rock which I Society. 
now present to the Society are roughly, In conclusion, it is with great hesita- 
prepared after this method, and made so tion that I have ventured to bring this 
that an inspection of the ‘outer surface | matter before you, but I do so, well know- 
viewed as an opaque object, with only ing that more searching and exact meth- 
the aid of a common hand-magnifier, ods of investigation are now demanded 
will give all the information ordinarily | by those conducting large mining opera- 
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for any and all enclosing, or wall me the ice, others more capable in every 
that may be met with in such mines as| respect than myself will be induced to 
the Comstock, and the term green chlor-|communicate the results of their re- 
ides for the rich ore will not be deem- | searches on the subject. 

ed a sufficient explanation, or tend to} All that can be claimed for the mode 
give the mine adventurers that confi-| I have suggested to you for the examina- 
dence in the reports of their employees tion of rocks is that it is a rude and 
which they should be entitled to, partic-| simple way of determining some of the 
ularly when it is known that the rock is commoner ones, but the application of 
not porphyry, and that the chloride of|the microscope, even now quite in its 
silver is one of the accidental minerals | infancy, is, after all, what we must trust 
met with in vein matter. ‘to for exact or reliable results. 


Iam in hopes that by thus breaking 
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From “The 


Although in its technical character 
mathematical science suffers the incon- 
veniences, while it enjoys the dignity, of 
its Olympian position, still in a less 
formal garb, or in disguise, if you are 
pleased so to call it, it is found present 
at many an unexpected turn; and 
although some of us may never have 
learnt its special language, not a few 
have, all through our scientific life, and 
even in almost every accurate utterance, 
like Moliére’s well-known character, 
been talking mathematics without know- 
ing it. It is, moreover, a fact not to be 
overlooked, that the appearance of 
isolation, so conspicuous in mathematics, 
appertains in a greater or less degree to 


all other sciences, and perhaps also to all | 


pursuits in life. In its highest flight 
each soars to a distance from its fellows. 
Each is pursued alone for its own sake, 
and without reference to its connection 
with, or its application to, any other 
subject. The pioneer and the advanced 
guard are of necessity separated from 
the main body, and in this respect 
mathematics does not materially differ 
from its neighbors. And, therefore, as 
the solitariness of mathematics has been 
a frequent theme of discourse, it may be 
not altogether unprofitable to dwell for 
a short time upon the other side of the 
question, and to inquire whether there 
be not points of contact in method or in 
subject-matter between mathematics and 


Engineer.” 


the outer world which have been fre- 
quently overlooked ; whether its lines 
do not in some cases run parallel to 
those of other occupations and purposes 
of life; and lastly, whether we may not 
| hope for some change in the attitude too 
often assumed towards it by the repre- 
sentatives of other branches of knowl- 
edge and of mental activity. In his 
preface to the “Principia” Newton 
gives expression to some general ideas 
| . 

| which may well serve as the key-note for 
|all future utterances on the relation of 
|mathematics to natural, including also 
|therein what are commonly called arti- 
ficial, phenomena. “The ancients divid- 
/ed mechanics into two parts, rational 
and practical; and since artisans often 
work inaccurately, it came to pass that 
;mechanics and geometry were distin- 
|guished in this way, that everything 
accurate was referred to geometry, and 
everything inaccurate to mechanics. But 
the inaccuracies appertain to the artisan 
and not to the art, and geometry itself 
has its foundation in mechanical prac- 
tice, and is in fact nothing else than that 
part of universal mechanics which 
accurately lays down and demonstrates 
the art of measuring.” He next explains 
that rational mechanics is the science of 
motion resulting from forces, and adds: 
“The whole difficulty of philosophy 
seems to me to lie in investigating the 
forces of nature from the phenomena of 
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| 
motion, and in demonstrating that from | 
process, and the machinery requisite for 


these forces other phenomena will ensue.” 


Then, after stating the problems of which | 


he has treated in the work itself, he says, 


“I would that all other natural pheno- | 


mena might similarly be deduced from 
mechanical principles. For many things 
move me to suspect that everything 
depends upon certain forces in virtue of 


which the particles of bodies, through | 


forces not yet understood, are either 


impelled together so as to cohere in reg- | 
ular figures, or are repelled and recede | 


from one another.” Newton’s views, 
then, are clear. He regards mathemat- 
ics, not as a method independent of, 
though applicable to, various subjects, 


but is itself the higher side or aspect of | 


the subjects themselves; and it would be 
little more than a translation of his 
notions into other language, little more 


than a paraphrase of his own words, if 
we were to describe the mathematical as | 
abstraction, the results of which are not 


one aspect of the material world itself, 


apart from which all other aspects are 


but incomplete sketches, and however 
accurate after their own kind, are still 
liable to the imperfections of the inaccu- 
rate artificer. Mr. Burrowes, in his 


manufacture is in reality but a chemical 


carrying it on but the right application 
of certain propositions in rational me- 
chanics.” So far your academician. 
Every subject, therefore, whether in its 
usual acceptation, scientific, or otherwise, 
may have a mathematical aspect; as 
soon, in fact, as it becomes a matter of 
strict measurement, or of numerical 
statement, so soon does it enter upon a 
mathematical phase. This phase may, 
or it may not, be a prelude to another in 
which the laws of the subject are 
expreessed in algebraical formule or 
represented by geometrical figures. But 
the real gist of the business does not 
always lie in the mode of expression, and 
the fascination of the formule or other 
mathematical paraphernalia may after 
all be little more than that of a theatri- 
cal transformation scene. The process 
of reducing to formule is really one of 


always wholly on the side of gain; in 
fact, through the process itself the 


| . . 
subject may lose in one respect even 


Preface to the first volume of the! 


“Transactions of the Royal Irish Acade- | 


my,” has carried out the same argument, 
approaching it from the other side. “No 
one science,” he says, 


more than it gains in another. Put long 
before such abstraction is completely 
attained, and even in cases where it is 
never attained at all, a subject may to 


‘all intents and purposes become mathe- 


“is so little con-| 


nected with the rest as not to afford. 


many principles whose use may extend 
considerably beyond the science to which 
they primarily belong, and no proposi- 
tion is so purely theoretical as to be 
incapable of being applied to practical 
purposes. There is no apparent connec- 


matical. It is not so much elaborate 
calculations or abstruse processes which 
characterize this phase as the principles 
of precision, of exactness, and of propor- 
tion. But these are principles with 
which no true knowledge can entirely 
'dispense. If it be the general scientific 
\spirit which at the outset moves upon 
‘the face of the waters, and out of the 


tion between duration and the cycloidal| unknown depth brings forth light and 


arch, 


the properties of which have living forms, it is no less the mathemati- 


furnished us with the best method of | cal spirit which breathes the breath of 
measuring time; and he who has made | life into what would otherwise have ever 
himself master of the nature and affect- | remained mere dry bones of fact, which 


ions of the logarithmic curve 
advanced considerably towards ascer- 


taining the proportionable density of the | 


air at various distances from the earth. 
The researches of the mathematician are 
the only sure ground on which we can 
reason from experiments; and how far) 
experimental science may assist commer- 
cial interests is evinced by the success of 
manufacturers in countries where the 
hand of the artificer has taken its 
direction from the philosopher. Every 





has|re-unites the scattered limbs and re- 
‘creates from them a new and organic 


whole. And as a matter of fact, in the 


'words used by Professor Jellett at our 


meeting at Belfast, viz., “Not only are 
we applying our methods to many 
sciences already recognized as belonging 
to the legitimate province of mathemat- 
ics, but we are learning to apply the 
same instrument to sciences hitherto 
wholly or partially independent of its 
authority. Physical science is learning 
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more and more every day to see in the 
phenomena of nature modifications of 
that one phenomenon—namely, motion 
—which is peculiarly under the power of 
mathematics.” Echoes are these, far off 
and faint perhaps, but still true echoes, 
in answer to Newton’s wish that all 
these phenomena may some day “be 
deduced from mechanical principles.” If 
turning from this aspect of the subject, 
it were my purpose to enumerate how 
the same tendency has evinced itself in 
the arts, unconsciously it may be to the 
artists themselves, I might call as wit- 
nesses each one in turn with full reliance 
on the testimony which they would bear. 
And, having more special reference to 
mathematics, I might confidently point 
to the accuracy of measurement, to the 
truth of curve, which, according to mod- 
ern investigation, is the key to the 
perfection of classic art. I might tri- 
umphantly cite not only the architects of 
all ages, whose art so manifestly rests 
upon mathematical principles; but I 
might cite also the literary as well as the 
artistic remains of the great artists of 
Cinquecento, both painters and sculptors, 
in evidence of the geometry and the 


mechanics which, having been laid at 
the foundation, appear to have found 
their way upwards through the super- 
structure of their works. And in a less 
ambitious sphere, but nearer to ourselves 
in both time and place, I might point 
with satisfaction to the great school of | representation; and it is improbable that 


English constructors of the eighteenth 
century in the domestic arts; and remind 
you that’ not only the engineer and the 
architect, but even the cabinetmakers 
devoted half the space of their books to 


these arts? And I might even appeal to 
the common consent which speaks of the 
mathematical as the pattern form of 
reasoning and model of a precise style. 
Taking, then, precision and exactness as 
the characteristics which distinguish the 
mathematical phase of a subject, we are 
naturally led to expect that the approach 
to such a phase will be indicated by 
increasing application of the principle of 
measurement, and by the importance 
which is attached to numerical results. 
And this very necessary condition for 
progress may, I think, be fairly de- 
scribed as one of the main features of 
scientific advance in the present day. If 
it were my purpose, by descending into 
the arena of special sciences, to show 
how the most varied investigations alike 
tend to issue in measurement, and to 
that extent to assume a mathematical 
phase, I should be embarrassed by the 
abundance of instances which might be 
adduced. I will, therefore, confine my- 
‘self to a passing notice of a very few, 
selecting those which exemplify not only 
the general tendency, but also the 
special character of the measurements 
now particularly required, viz., that of 
minuteness, and the indirect method by 
which alone we can at present hope to 
approach them. An object having a 
diameter of an 80,000th of an inch is per- 
haps the smallest of which the micro- 
scope could give any _ well-defined 





pew of 120,000th of. an inch could be 
singly discerned with the highest powers 
;at our command. But the solar beams 
and the electric light reveal to us the 


presence of bodies far smaller than these. 


perspective and to the principles where-| And, in the absence of any means of 
by solid figures may be delineated on | observing them singly, Professor Tyn- 
paper, or what is now termed descriptive |dall has suggested a scale of these 
geometry. Nor perhaps would the minute objects in terms of the lengths 
sciences which concern themselves with | of luminiferous waves. To this he was 
reasoning and speech, nor the kindred |led, not by any attempt at individual 


art of music, nor even literature itself, if | 
thoroughly probed, offer fewer points of 
dependence upon the science of which I 
am speaking. What, in fact, is logic 
but that part of universal reasoning; 


‘measurement, but by taking account of 
|them in the aggregate, and observing 
the tints which they scatter laterally 
| when clustered in the form of actinic 
‘clouds. The small bodies with which 


grammar but that part of universal | experimental science has recently come 
speech; harmony and counterpoint but | into contact are not. confined to gaseous 
that part of universal music; “which | molecules, but comprise also complete 
accurately lays down,” and demonstrates organisms; and the same philosopher 
—so far as demonstration is possible—|has made a profound study of the 
precise methods appertaining to each of | momentous influence exerted by these 
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minute organisms in the economy of life. ‘molecular motion. Through the phono- 
And if, in view of their specific effects, graph we have not only a transformation 
whether deleterious or other, on human, but a permanent and tangible record of 
life, any qualitative classification, or the mechanism of speech. But the dif- 
quantitative estimate be ever possible, it | ferences upon which articulation (apart 
seems that it must be effected by some from loudness, pitch, and quality) 
such method as that indicated above.| depends, appear from the experiments of 
Again, to enumerate a few more instan-| Fleemin Jenkin and of others to be of 
ces of the measurement of minute quan- | microscopic size. The microphone affords 
tities, there are the average distances of | another instance of the unexpected value 
molecules from one another in various of minute variations—in this case of 

ases and at various pressures; the electric currents; and it is remarkable 
length of their free path, or range open | that the gist of the instrument seems to 
for their motion without coming into lie in obtaining and _ perfecting that 
collision; there are movements causing which electricians have hitherto most 
the pressures and differences of pressure | scrupulously avoided, viz., loose contact. 
under which Mr. Crookes’ radiometers, Once more, Mr. De La Rue has brought 
execute their wonderful revolutions. | forward as one of the results derived 
There are the excursions of the air while | from his stupendous battery of 10,000 
transmitting notes of high pitch, which cells, strong evidence for supposing that 
through the researches of Lord Rayleigh a voltaic discharge, even when apparent- 
appear to be of a diminutiveness alto-| ly continuous, may still be an intermit- 
gether unexpected. There are the mole-| tent phenomenon; but all that is known 
cular actions brought into play in the of the period of such intermittence is, 
remarkable experiments by Dr. Kerr, that it must reczr at exceedingly short 
who has succeeded, where even Faraday intervals. And in connection with this 
failed, in effecting a visible rotation of subject, it may be added that, whatever 
the plane of polarisation of light in its be the ultimate explanation of the 
passage throngh electrified dielectrics, strange stratification which the voltaic 
and on its reflexion at the surface of a discharge undergoes in rarefied gases, it 
magnet. To take one move instance, is clear that the alternate disposition of 
which must be present to the minds of light and darkness must be dependent 
us all, there are the infinitesimal ripples on some periodic distribution in space or 
of the vibrating plate in Mr. Graham sequence in time which can at present be 
Bell’s most marvelous invention. Of dealt with only in a very general way. 
the nodes and ventral segments in the| In the exhausted column we have a 
plate of the telephone which actually | vehicle for electricity not constant like 
convert sound into electricity and elec-|an ordinary conductor, but itself modi- 
tricity into sound, we can at present fied by the passage of the discharge, and 
form no conception. All that can now perhaps subject to laws differing materi- 
be said is that the most perfect speci- ally from those which it obeys at 
mens of Chladni’s sand figures on a atmospheric pressure. It may also be 
vibrating plate, or of _Kundt’s lycopodi- that some of the features accompanying 
um heaps in a musical tube, or even Mr. stratification from a magnified image of 
Sedley Taylor’s more delicate voitices in phenomena belonging to disruptive dis- 
the films of the phoneidoscope, are charges in general; and that consequent- 
rough and sketchy compared with these. ly, so far from expecting among the 
For notwithstanding the fact that in the | known facts of the latter any clue to an 
movement of the telephone plate we | explanation of the former, we must hope 
have actually in our hand the solution of | ultimately to find in the former an elnei- 
that old world problem, the construction | dation of what is at present obscure in 
of a speaking machine; yet the charac-/the latter. A prudent philosopher 
ters in which that solution is expressed | usually avoids hazarding any forecast of 
are too small for our powers of decipher-|the practical application of a purely 
ment. In movements such as these we scientific research. But it would seem 
seem to lose sight of the distinction, or that the configuration of these striz 
perhaps we have unconsciously passed might some day prove a very delicate 
the boundary between massive and | means of estimating low pressures, Now, 
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it is a curious fact that almost the only 
small quantities of which we have as yet 
any actual measurements are the wave 
lengths of light; and that all others, 
excepting so far as they can be deduced 
from these, await future determination. 
In the meantime, when unable to ap- 


common source fertilise alike the mathe- 
matical and the non-mathematical world. 
Having this in view, I propose to make 
the subject of special remark some pro- 
cess peculiar to modern mathematics; 
and, partly with the object of incident- 
jally removing some current misappre- 


_hensions, I have selected for examination 
ally, the method to which we are obliged | three methods in respect of which 
to have recourse is, as indicated above,| mathematicians are often thought to 
that of averages, whereby, disregarding | have exceeded all reasonable limits of 
the circumstances of each particular case,| speculation, and to have adopted for 
we calculate the average size, the aver-| unknown purposes an unknown tongue. 
age velocity, the average direction, &c., | And it will be my endeavor to show not 
of a large number of instances. But| only that in these very cases our science 
although this method is based upon|has not outstepped its own legitimate 
experience, and leads to results which| range, but that even art and literature 
may be accepted as substantially true;|have unconsciously employed methods 
although it may be applicable to any | similar in principle. The three methods 
finite interval of time, or over any finite | in question are, first, that of imaginary 
area of space (that is, for all practical | quantities; secondly, that of manifold 
purposes of life), there is no evidence to| space; and thirdly, that of geometry not 
show that it is so when the dimensions of | according to Euclid. First it is objected 
interval or of area are indefinitely dimin-|that, abandoning the more cautious 
ished. The truth is that the simplicity | methods of ancient mathematicians, we 
of nature which we at present grasp is| have admitted into our formule quanti- 
really the result of infinite complexity; | ties which by our own showing, and 
and that below the uniformity there}even in our own nomenclature, are 
underlies a diversity whose depths we imaginary or impossible; nay, more, 


proach these small quantities individu- 





have not yet probed, and whose secret | that out of them we have formed a 
places are still beyond our reach. The| variety of new algebras to which there 
present is not an occasion for multiply-|is no counterpart whatever in reality, 
ing illustrations, but I can hardly omit a| but from which we claim to arrive at 


passing allusion to one all-important) possible and certain results. On this 
instance of the application of the statisti-| head it is in Dublin, if anywhere, that I 
cal method. Without its aid social life,| may be permitted to speak. For to the 
or the history of life and death, could fertile imagination of the late Astrono- 


not be conceived at all, or only in the, 
Without it we | 


most superficial manner. 
could never attain to any clear ideas of 


the condition of the poor, we could never | 
hope for any solid amelioration of their | 
Without its aid, | 
sanitary measures, and even medicine) 
Without it, the 


condition or prospects 


would be powerless. 
politician and the philanthropist would 


alike be wandering over a_trackless| 
It is, however, not so much from | 


desert. 
the side of science at large as from that 
of mathematics itself, that I desire to 
speak. I wish from the latter point of 
view to indicate connections between 
mathematics and other subjects, to 
prove that hers is not after all such a 
far-off region, nor so undecipherable an 
alphabet, and to show that even at unlike- 


mer Royal for Ireland we are indebted 
for that marvellous Calculus of Quater- 
nions, which is only now beginning to 
be fully understood, and which has not 
yet received all the applications of which 
it is doubtless capable. And even al- 
though this calculus be not co-extensive 
with another which almost simultaneous- 
ly germinated on the Continent, nor with 
ideas more recently developed in 
|America, yet it must always hold its 
position as an original discovery, and as a 
representative of one of the two great 
‘groups of generalized algebras—viz., 
|those the squares of whose units are 
‘respectively negative, unity and zero— 
|the common origin of which must still 
be marked on our intellectual map as an 
unknown region. Well do I recollect 


ly spots we may trace under-currents of | how in its early days we used to handle 
thought which having - from a|the method as a magician’s page might 





MATHEMATICAL SCIENCE. 


407 





try to wield his master’s wand, trembling 
as it were between hope and fear, and 
hardly knowing whether to trust our 
own results until they had been submit- 
ted to the present and ever-ready counsel 
of Sir W. R. Hamilton himself. To fix 
our ideas, consider the measurement of 
a line, or the reckoning of time, or the 
performanee of any mathematical opera- 
tion. A line may be measured in one 
direction or in the opposite; time may 
be reckoned forward or. backward; an 
operation may be performed or be 
reversed, it may be done or may be 
undone ; and if having once reversed 
any of these processes we reverse it a 
second time, we shall find that we have 
come back to the original direction of 
measurement or of reckoning, or to the 
original kind of operation. Suppose, 
however, that at some stage of a calcu- 
lation our formule indicate an alteration 
in the mode of measurement such that, if 
the alteration be repeated, a condition of 
things, not the same as, but the reverse 
of the original, will be produced. Or 
suppose that, at a certain stage, our 
transformations indicate that time is to 
be reckoned in some manner different 
from future or past, but still in a way 


having definite algebraical connection 
with time which is gone and time which 


is to come. It is clear that in actual 
experience there is no process to which 
such measurements correspond. Time 
has no meaning except as future or past; 
and the present is but the meeting point 
of the two. Or, once more, suppose 
that we are gravely told that all circles 
pass through the same two imaginary 
points at an infinite distance, and that 
every line drawn through one of these 
points is perpendicular to itself. On 
hearing the statement, we shall probably 
whisper, with a smile or a sigh, that we 
hope it is not true; but that in any case 
it is a long way off, and perhaps, after 
all, it does not very much signify. If, 
however, as mathematicians we are not 
satisfied to dismiss the question on these 
terms, we ourselves must admit that we 
have here reached a definite point of 
issue. Our science must either give a 
‘rational account of the dilemma, or yield 
the position as no longer tenable. Special 
modes of explaining this anomalous state 
of things have occurred to mathema- 
ticians. But, omitting details as unsuited | 


to the present occasion, it will, I think, 
be sufficient to point out in general terms 
that a solution of the difficulty is to be 
found in the fact that the formule which 
give rise to these results are more com- 
prehensive than the signification assigned 
to them ; and when we pass out of the 
condition of things first contemplated 
they cannot—as it is obvious they ought 
not—give us any results intelligible on 
that basis. But it does not therefore by 
any means follow that upon a more 
enlarged basis the formule are incapable 
of interpretation; on the contrary, the 
difficulty at which we have arrived indi- 
cates that there must be some more 
comprehensive statement of the problem 
which will include cases impossible in 
the more limited, but possible in the 
wider view of the subject. A very 
simple instance will illustrate the matter. 
If from a point outside a circle we draw 
a straight line to touch the curve, the 
distance between the starting point and 
the point of contact has certain geomet- 
rical properties. If the starting point 
be shifted nearer and nearer to the circle 
the distance in question becomes shorter, 
and ultimately vanishes. But as soon 
as the point passes to the interior of the 
circle the notion of a tangent and 
distance to the point of contact cease to 
have any meaning; and the same anoma- 
lous condition of things prevail, as long 
as the point remains in the interior. But 
if the point be shifted still further until 
it emerges on the other side, the tangent 
and its properties resume their reality, 
and are as intelligible as before. Now 
the process whereby we have passed 
from the possible to the impossible, and 
again repassed to the possible (namely, 
the shifting of the starting point) is a 
perfectly continuous one, while the con- 
ditions of the problem as stated above 
have abruptly changed. If, however, we 
replace the idea of a line touching by 
that of a line cutting the circle, and the 
distance of the point of contact by the 
distances at which the line is intercepted 
by the curve, it will easily be seen that 
the latter includes the former as a limit- 
ing case, when the cutting line is turned 
about the starting point until it coincides 
with the tangent itself. And further, 
that the two intercepts have a perfectly 
distinct and intelligible meaning whether 
the point be outside or inside the area. 
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The only difference is that in the first|the extraordinary transitions from the 
case the intercepts are measured in the| animal to the vegetable, from faunic to 
same direction; in the latter in opposite floral forms, and from these again to 


directions, The foregoing instance has 
shown one purpose which these imagin- | 
aries may serve, viz., as marks indicating | 
a limit to a particular condition of things, 
to the application of a particular law, or 
pointing out a stage where a more com- 
prehensive law is required. To attain 
to such a law we must, as in the instance 
of the circle and tangent, reconsider our 
statement of the problem; we must go 
back to the principle from which we set | 
out, and ascertain whether it may not be| 
modified or enlarged. And even if in 
any particular investigation, wherein | 
imaginaries have occurred, the most 
comprehensive statement of the problem | 
of which we are at present capable fails | 
to give an actual representation of these | 
quantities; if they must for the present | 


almost purely geometric curves, who has 
not felt that these imaginaries have a 
claim to recognition very similar to that 
of their congeners in mathematics ? How 
is it that the grotesque paintings of the 
middle ages, the fantastic sculpture of 


remote nations, and even the rude art of 


the pre-historic past, still impress us, and 
have an interest over and above their 
antiquarian value; unless it be that they 
are symbols which, although hard of 
interpretation when taken alone, are yet 
capable, from a more comprehensive 
point of view, of leading us mentally to 
something beyond themselves, and to 
truths which, although reached through 
them, have a reality scarcely to be 
attributed to their outward forms? 
Again, if we turn from art to letters, 


be relegated to the category of imagin-| truth to nature and to fact is undoubtedly 
aries; it still does not follow that we a characteristic of sterling literature; 
may not at some future time find a law and yet in the delineation of outward 
which will endow them with reality, nor nature itself, still more in that of feelings 
that in the mean time we need hesitate | and affections, of the seeret parts of char- 
to employ them, in accordance with the | acter and motives of conduct, it frequent- 
great principle of continuity, for bring-|ly happens that the writer is driven to 
ing out correct results. If, moreover,|imagery, to an analogy, or even to a 
both in geometry and in algebra we/| paradox, in order to give utterance to 


occasionally make use of points or of | 
quantities, which from our present out- 
look have no real existence, which can 
neither be delineated in space of which 
we have experience, nor measured by 
scale as we count measurement; if these 
imaginaries, as they are termed, are 
called “up by legitimate processes of our 
science; if they serve the purpose not 
merely of suggesting ideas, but of actu- 





that of which there is no direct counter- 
part in recognized speech. And yet 
which of us cannot find a meaning for 
these literary figures, an inward response 
to imaginative poetry, to social fiction, 
or even to those tales of giant and fairy- 
land, written, it is supposed, only for the 
nursery or schoolroom? But in order 
thus to reanimate these things with a 
meaning beyond that of the mere words, 


ally conducting us to practical conclu-| have we not to reconsider our first posi- 
sions; if all this be true in abstract) tion, to enlarge the ideas with which we 
science, I may perhaps be allowed to| started; have we not to cast about for 
point out, in illustration of my argument, | something which is common to the idea 
that in art unreal forms are frequently| conveyed and to the subject actually 
used for suggesting ideas, for conveying | described, and.to seek for the sympathetic 
a@ meaning for which no others seem to spring which underlies both; have we 
be suitable or adequate. Are not forms not, like the mathematician, to go back 
unknown to biology, situations incom-|as it were to some first principles, or, as 
patible with gravitation, positions which | it i, pleasanter to describe it, to become 
challenge not merely the stability but} again as a little child? Passing to the 
even the possibility of equilibrium—are | second of the three methods, viz., that of 
not these the very means to which the | manifold space, it may first be remarked 
artist often has recourse in order to con-| that our whole experience of space is in 
vey his meaning and to fulfill his| three dimensions, viz., of that which has 
mission? Who that has ever revelled in| length, breadth, and thickness; and if 
the ornamentation of the Renaissance, in | for certain purposes we restrict our ideas 
e 
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| 
to two dimensions as in plane geometry, | Now, many algebraical problems involv- 


or to one dimension as in the division of 
a straight line, we do this only by 
consciously and of deliberate purpose 
setting aside, but not annhilating, the 


remaining one or two dimensions. Nega- 


tion, as Hegel has justly remarked, 
implies that which is negatived, or as he 
expresses it, affirms the opposite. It is 
by abstraction from previous experience, 
by a limination of its results, and not by 
independent process, that we arrive at 
the idea of space whose dimensions are 
less than three. It is doubtless on this 
account that problems in plane geometry 
which, although capable of solution on 
their own account, become much more 
intelligible, more easy of extension, if 
viewed in connection with solid space, 
and as special cases of corresponding 
problems in solid geometry. So eminently 
is this the case, that the very language 
of the more general method often leads 
us almost intuitively to conclusions 
which, from the more restricted point of 
view, require long and laborious proof. 
Such a change in the base of operations 
has, in fact, been successfully made in 
geometry of two dimensions, and 


although we have not the same experi-| 


mental data for further steps, yet neither 
the modes of reasoning, nor the validity 
of its conclusions, are in any way affect- 
ed by applying an analogous mental 
process to geometry of three dimensions; 
and by regarding figures in space of 
three dimensions as sections of figures in 
space of four, in the same way that fig- 
ures in plano are sometimes considered 
as sections of figures in solid space. The 
addition of a fourth dimension to space 
not only extends the actual properties of 
geometrical figures, but it also adds new 
properties which are often useful for the 
purposes of transformation or of proof. 
Thus it has recently been shown that in 
four dimensions a closed material shell 
could be turned inside out by simple 
flexure, without either stretching or tear- 
ing; and that in such a space it is 
impossible to tie a knot. Again, the 
solution of problems in geometry is often 
effected by means of algebra; and as 
three measurements, or co-ordinates as 
they are called, determine the position of 
a point in space, so do three letters or 
measurable quantities serve for the same 
purpose in the language of algebra. 


ing three unknown or variable quantities 
admit of being generalized so as to give 
problems involving many such quantities. 
And as, on the other hand, to every 
algebraical problem involving unknown 
quantities or variables by ones, or by 
twos, or by threes, there corresponds a 
problem in geometry of one or of two or 
of three dimensions; so on the other it 
may be said that to every algebraical 
problem involving many variables there 
corresponds a problem in geometry of 
many dimensions. There is, however, 
another aspect under which even ordin- 
ary space presents to us a four-fold, or 
indeed a mani-fold character. In modern 
physics, space is regarded not as a 
vacuum in which bodies are placed and 
forces have play, but rather as a plenum 
with which matter is co-extensive. And, 
from a physical point of view, the prop- 


‘erties of space are the properties of 


matter, or of the medium which fills it. 
Similarly from a mathematical point of 


view, space may be regarded as a locus 


in quo, as a plenum, filled with those 
elements of geometrical magnitude which 
we take as fundamental. These elements 
need not always be the same. For dif- 
ferent purposes different elements may 
be chosen; and upon the degree of com- 
plexity of the subject of our choice will 
depend the internal structure or mani- 
foldness of space. Thus beginning with 
the simplest case, a point may have any 
singly infinite multitude of positions in a 
line, which gives a one-fold system of 
points ina line. The line may revolve 
in a plane about any one of its points, 
giving a two-fold system of points in a 
plane; and the plane may revolve 
about any one of the lines, giving a 
three-fold system of points in space. 
Suppose, however, that we take a 
straight line as our element, and con- 
ceive space as filled with such lines. 
This will be the case if we take two 
planes, ¢.g., two parallel planes, and join 
every point in one with every point in 
the other. Now the points in a plane 
form a two-fold system, and it therefore 
follows that the system of lines is four- 
fold; in other words, space regarded as 
a plenum of lines is four-fold. The same 


‘result follows from the consideration 


that the lines in a plane, and the planes 
through a point are each two-fold. 
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Again, if we take a sphere as our ele- 
ment we can through any point as a 
center draw a singly infinite number of 
spheres, but the number of such centers 
is triply infinite; hence space as a plenum 
of spheres is four-fold. And, generally, 
space as a plenum of surfaces has a 
manifoldness equal to the number of 
constants required to determine the sur- 
face. Although it would be beyond our 


present purpose to attempt to pursue the, 
further, it should not pass’ 


subject 
unnoticed that the identity in the four- 
fold character of space, as derived on the 


one hand from a system of straight lines, | 


and on the other from a system of spheres, 
is intimately connected with the princi- 


ples established by Sophus Lie in his'| 


researches on the correlation of these 
figures. If we take a circle as our 


element we can around any point in a| 


plane as a center draw a singly infinite 
system of circles; but the number of such 
centers in a plane is doubly infinite; 
hence the circles in a plane form a three- 


plenum of conics in general eight-fold. 
| And so on for curves of higher degrees. 
(This is, in fact, the whole story and 
mystery of manifold space. It is not 
seriously regarded as a reality in the 
same sense as ordinary space; it is a 
mode of representation, or a method 
which, having served its purpose, vanish 
es from the scene. Like a rainbow, if 
we try to grasp it, it eludes our very 
touch; but like a rainbow, it arises out 
of real conditions of known and tangible 
quantities, and if rightly apprehended it 
is a true and valuable expression of 
natural laws, and serves a definite pur- 
pose in the science of which it forms a 
art. 

The third method proposed for special 
‘remark is that which has been termed 
Non-Euclidean Geometry; and the train 
of reasoning which has led to it may be 
described in general terms as follows: 
some of the properties of space which on 
account of their simplicity, theoretical as 
'well as practical, have, in constructing 


fold system, and as the planes in space the ordinary system of geometry, been 
form a three-fold system, it follows that | considered as fundamental, are now seen 
space as a plenum of circles is six-fold.| to be particular cases of more general 
Again, if we take a circle as our element, | properties. Thus a plane surface, and a 
we may regard it as a section either of a | straight line, may be regarded as special 
sphere, or of a right cone—given except instances of surfaces and lines whose 
in position—by a plane perpendicular to | curvature is everywhere uniform or con- 
the axis. In the former case the position | stant. And it is perhaps not difficult to 
of the center is three-fold; the directions|see that, when the special notions of 
of the plane, like that of a pencil of lines flatness and straightness are abandoned, 
perpendicular thereto, two-fold; and the| many properties of geometrical figures 
radius of the sphere one-fold; six-fold in| which we are in the habit of regarding 
all. In the latter case, the position of | as fundamental will undergo profound 
the vertex is three-fold; the direction of | modification. Thus a plane may be 
the axis two-fold; and the distance of | considered as a special case of the sphere, 


the plane of section one-fold; six-fold in 
all, as before. Hence space as a plenum 
of circles is six-fold. Similarly, if we 
take a conic as our element we may 
regard it as a section of a right cone—| 
given except in position—by a plane. If 
the nature of the conic be defined, the 
plane of section will be inclined at a 


viz., the limit to which a sphere ap- 
proaches when its radius is increased 
without limit. But even this considera- 
tion trenches upon an elementary propo- 
sition relating to one of the simplest of 
geometrical figures. In plane triangles 
the interior angles are together equal to 
two right angles; but in triangles traced 


fixed angle to the axis; otherwise it will on the surface of a sphere this propo- 
be free to take any inclination whatever. | sition does not hold good. To this, other 
This being so, the position of the vertex instances might be added. 

will be three-fold; the direction of the) It has often been asked whether 
axis two-fold; the distance of the plane, modern research in the field of pure 
of section from the vertex one-fold; and| mathematics has not so completely out- 
the direction of that plane one-fold if the | stripped its physical applications as to 
conic be defined, two-fold if it be not|be practically useless; whether the 
defined. Hence, space as a plenum of | analyst and the geometer might not now, 
definite conics will be seven-fold, as a! and for a long time to come, fairly say, 
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“ Hic artem remumque repono,” and turn 
his attention to mechanics and to physics. 
That the pure has outstripped the ap- 
plied is largely true; but that the former 
is on that account useless is far from 
true. Its utility often crops up at unex- 
pected points; witness the aids to classi- 
fication of physical qfantities, furnished 
by the ideas—of Scalar and Vector— 
involved in the calculus of Quaternions; 
or the advantages which have accrued to 
physical astronomy from Lagrange’s 
equations, and from Hamilton’s principle 
of varying action; on the value of com- 
plex quantities, and the properties of 
general integrals, and of general theor- 
ems on integration for the theories of 
electricity and magnetism. The utility 
of such researches can in no case be 
discounted, or even imagined before- 
hand; who, for instance, would have 
supposed that the calculus of forms or 
the theory of substitutions would have 
thrown much light upon ordinary equa- 
tions; or that abelian functions and 
hyperelliptic transcendents would have 
told us anything about the properties of 
curves; or that the calculus of operations 
would have helped us in any way towards 
the figure of the earth? But upon such 
technical points I must not dwell. If, 
however, as I hope, it has been sufficient- 
ly shown that any of these more extend- 
ed ideas enable us to combine together, 
and to deal with as one, properties and 
processes which from the ordinary point 
of view present marked distinctions, then 
they will have justified their own exist- 
ence; and in using them we shall not 
have been walking in a vain shadow, nor 
disquieting our brains in vain. These 
extensions of mathematical ideas would, 
however, be overwhelming, if they were 
not compensated by some simplifications 
in the processes actually employed. Of 
these aids to calculation I will mention 
only two, viz., symmetry of form, and 
mechanical appliances; or, say, mathe- 
matics as a fine art, and mathematics as a 
handicraft. And first, as to symmetry 
of form. There are many passages of 
algebra in which long processes of calcu- 
lation at the outset seem unavoidable. 
Results are often obtained in the first 
instance through a tangled maze of 
formule, where at best we can just make 
sure of our progress step by step, with- 
out any general survey of the path which 


which we have to pursue. 


we have traversed, and still less of that 
But almost 
within our own generation a new method 
has been devised to clear this entangle- 
ment. More correctly speaking, the 
method is not new, for it is inherent in 
the processes of algebra itself, and 
instances of it, unnoticed perhaps or 
disregarded, are to-be found cropping up 
throughout nearly all mathematical 
treatises. By Lagrange, and to some 
extent also by Gauss, among the older 
writers, the method of which I am 
speaking was recognized as a principle; 
but beside these, perhaps, no others can 
be named until a period within our own 
recollection. The method consists in 
symmetry of expression. In algebraical 
formule combinations of the quantities 
entering therein occur and recur; and 
by a suitable choice of these quantities 
the various combinations may be ren- 
dered symmetrical, and reduced to a few 
well-known types. This having been 
done, and one such combination having 
been calculated, the remainder, together 
with many of their results, can often be 
written down at once, without further 
calculations, by simple permutations of 
the letters. Symmetrical expressions, 
moreover, save as much time and trouble 
in reading as in writing. Instead of 
wading laboriously through a series of 
expressions which, although successively 
dependent, bear no outward resemblance 
to one another, we may read off symmet- 
rical formulz, of almost any length, at a 
glance. A page of such formulz becomes 
a picture; known forms are seen in 
definite groupings; their relative po- 
sitions, or perspective as it may be called, 
their very light and shadow, convey 
their meaning almost as much through 
the artistic faculty as through any 
conscious ratiocinative process. Few 
principles have been more suggestive of 
extended ideas or of new views and 
relations than that of which Il am now 
speaking. In order to pass from 
questions concerning plane figures to 
those which appertain to space, from 
conditions having few degrees of free- 
dom to others which have many—in a 
word, from more restricted to less 
restricted problems—we have in many 
cases merely to add lines and columns to 
our array of letters or symbols already 
formed, and then read off pictorially the 
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extended theorems. Next as to mechan- | her first outlines for a sketch of the uni- 
ical appliances. Mr. Babbage, when verse. If our more feeble hands cannot 
speaking of the difficulty of insuring | follow out the details, still her part has 
accuracy in the long numerical calcula-| been drawn with an unerring pen, and 
tions of theoretical astronomy, remarked, her work cannot be gainsayed. So wide 
that the science which in itself is the is the range of mathematical science, so 
most accurate and certain of all, had indefinitely may it extend beyond our 
through those difficulties become inaccu-| actual powers of fhanipulation, that at 
rate and uncertain in some of its results.| some moments we are inclined to fall 
And it was doubtless some such consider-| down with even more than reverence 
ation as this, coupled with his dislike of before her majestic presence. But so 


employing skilled labor where unskilled 
would suffice, which led him to the 
invention of his calculating machines. 
The idea of substituting mechanical for 


‘strictly limited are her promises and 
‘powers, about so much that we might 
wish to know does she offer no informa- 
| tion whatever, that at other moments we 


‘are fain to call her results but a vain 
‘thing, and to reject them as a stone 
'when we had asked for bread. If one 
aspect of the subject encourages our 
hopes, so does the other tend to chasten 
actual use—an invention has lately been | our desires; and he is perhaps the wisest 
designed for even a more difficult task. | and, in the long run, the happiest among 
Prof. James Thomson has in fact recent-| his fellows who has learnt not only this 
ly constructed a machine which, by science, but also the larger lesson which 
means of the mere friction of a disc, a| it indirectly teaches, namely, to temper 
cylinder, and a ball, is capable of effect-| our aspirations to that which is possible, 
ing a variety of the complicated calcula-| to moderate our desires to that which is 
tions which occur in the highest | attainable, to restrict our hopes to that 
application of mathematics to physical | of which accomplishment, if not immedi- 
problems. By its aid it seems that an| ately practicable, is at least distinctly 
unskilled laborer may, in a given time,| within the range of conception. 


intellectual power has not lain dormant; 
for beside the arithmetical machines 
whose name is legion—from WNapier’s 
Bones, Earl Stanhope’s calculator, to 
Schultz and Thomas’s machines now in 


That 
perform the work of ten skilled arithme-| which at present is beyond our ken may, 
ticians. The machine is applicable alike at some period and in some manner as 
to the calculation of tidal, of magnetic, | yet unknown to us fall within our grasp; 
of meteorological, and perhaps also of but our science teaches us, while ever 
all other periodic phenomena. It will | yearning with Goethe for “Light, more 
solve differential equations of the second light,” to concentrate our attention upon 
and perhaps of even higher orders. And that of which our powers are capable, 
through the same invention the problem! and contentedly to leave for future 
of finding the free motions of any num-| experience the solution of problems to 
ber of mutually attracting particles, which we can at present say neither yea 
unrestricted by any of the approximate nor nay. It is within the regien thus 
suppositions required in the treatment of indicated that knowledge in the true 
the lunar and planetary theories, is | sense of the word is to be sought. Other 
reduced to the simple process of turning modes of influence there are in society 
a handle. and in individual life, other forms of 

Coterminous with space and coeval | energy besides that of intellect. There 
with time is the kingdom of mathemat-| is the potential energy of sympathy, the 
ics ; within this range her dominion is actual energy of work; there are the 
surpreme ; otherwise than according to vicissitudes of life, the diversity of cir- 
her order nothing can exist ; in contra-|cumstance, health and disease, and all 
diction to her laws nothing takes place. the perplexing. issues, whether for good 
On her mysterious scroll is to be found or for evil, of impulse and of passion. 
written for those who can read it that | But although the book of life cannot at 
which has been, that which is, and that) present be read by the light of science 
which is to come. Everything material alone, nor the wayfarers be satisfied by 
which is the subject of knowledge has the few loaves of knowledge now in our 
number, order, or position; and these are | hands; yet it would be difficult to over- 
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state the almost miraculous increase | so on the other he claims an equal right 
which may be produced by a liberal|to draw a clear line of demarcation 
distribution of what we already have,| between that which is a matter of 
and by a restriction of our cravings| knowledge, and that which is at all 
within the limits of possibility. In pro-| events something else, and to treat the 
portion as method is better than impulse, one category as fairly claiming our 


deliberate purpose than erratic action, | 
the clear glow of sunshine than irregular 
reflection, and definite utterances than an | 
uncertain sound; in proportion as knowl- 
edge is better than surmise, proof than 
opinion; in that proportion will the 
mathematician value a discrimination 
between the certain and the uncertain, 
and a just estimate of the issues which 
depend upon one motive power or the 
other. While on the one hand he accords 
to his neighbors full liberty to regard the 
unknown in whatever way they are led 
by the noblest powers that they possess; 


assent, the other as open to further evi- 
dence. 

And yet, when he sees around him 
those whose aspirations are so fair, 
whose impulses so strong, whose recept- 
ive faculties so sensitive, as to give 
objective reality to what is often but a 
reflex from themselves, or a projected 
image of their own experience, he will 
be willing to admit that there are influ- 
ences which he cannot as yet either 
fathom or measure, but whose operation 
he must recognize among the facts of 
our existence, 





THE MAGNETIC NEEDLE—THE CAUSE OF ITS SECULAR 
VARIATIONS. 


By THOMAS 


VARIATION IN THE DECLINATION. 


Nearly three centuries ago philoso- 
phers observed that the magnetic needle 
did not always lie in the same direct line, 
even on the same meridian, but that in 
the northern hemisphere its north pole 
has a secular movement around a certain 
point or pole, not far from the pole of 
the world; it points sometimes to the 
east and at other times to the west of 
the same meridian, performing the north- 
ern half of a revolution in 318 years. 
“The Earth a Great Magnet” (Prof. A. 
M. Mayer.) <A very remarkable phe- 
nomenon is observed—it follows the law 
of a swinging pendulum—retarding in 
velocity from the meridian of the sta- 
tion to its easterly or westerly tropic. 

In the year 1622 the declination of the 
needle at London was 6° to the east of 
the geographical meridian. In 1660 the 
needle pointed due north and south, thus 
varying 6° in 38 years, while vibrating 
near the meridian of the place. In 1818 
the needle varied, according to Prof. 
Watts, 24° 36’ to the west, and in 1865, 
21° 6’ west; that is, varying only 3° 35’ | 
in 45 years, when moving near its west- | 
erly tropic. 


JOB, Utah. 


The cause of this secular change in the 
declination of the compass needle has 
been a theme of investigation with 
philosophers ever since its discovery, 
and in no time more ardently than 
in our day; but no satisfaction has 
yet been given to scientists. All that 
has been accomplished by observers is to 
show that the north magnetic pole is 
now vibrating from west to east, and at 
London, approaching the meridian. 

It has been further observed that the 
magnetic needle, in its grand secular 
swing, makes some minor vibrations and 
deflections, some of which appear to 
follow regular laws and be periodical; 
their physical cause is found to be 
dependent on the sun as primary mover; 
others are evidently irregular changes, 
disturbing more or less the periodical 
variations. 

The most remarkable of the periodical 
variations is what is called the daily 
vibration; it manifests its relation to the 
sun by following him in his apparent 
daily motion around the earth, in the 
northern hemisphere, and during the 
hours of the day from east to west, and 
from west to east in the hours of the 
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night; but the contrary way in the| the opposite direction to what it does in 


southern hemisphere. | the northern. 


These easterly and westerly variations, Only that part of the daily motion in 


in all parts of the globe where observa-| Which the needle swings westward 
tions have been made, are obviously | belongs to the northern hemisphere; the 
governed by distinct laws. The west- | Same _With its corresponding secular 
erly deflections in the British Isles, as vibration; and that part below the earth, 


represented by the self-moving records | Where the needle moves from west to 


at Kew, as Dr. Noades observes, have ¢@8t, represents the secular swing in the 
their chief prevalence from 5 a. M. to 5 southern hemisphere; even as it is day 
p. m., and the easterly deflections during | there when it is night with us, and the 
the remaining hours, causing the needle Positive pole of the needle follows the 


to return to its former position by 5 SUD. 





’ ing. Proper investigation will show that 
— this daily vibration is the fundamental 
cause of both the annular and the secular 
variations of the magnetic needle. 

There are in our common year 366 
|siderial days, but only about 365} solar 
| days, that is, while the earth rotates 366 
|times on its axis it revolves once in an 
orbit around the sun in the same direc- 
tion,—from west to east,—and thus we 
‘have only 365} days out of 366 earth 
rotations; so the sun appears as if to 
step backwards—toward the west—from 
the earth, to the amount of one day’s 
motion in a year. Thus he continues to 
recede westward from the earth—in the 
northern hemisphere, by the same space, 
year after year, till he returns again to 
the starting point in the orbit, where the 
‘earth will meet him, after gaining on 
‘him one whole revolution. The pole of 
‘the magnetic needle, which, as shown 
above, respects the sun in all its move- 
/ments, also recedes westwards—in the 
northern hemispbere—from the meridian 
'of the place by the space of one day’s 
| westward swing in a solar year. F'rom 


The extent of the daily oscillation of 
the needle is small, and also variable. 
Its mean 
observed by Dr. Bache, is 7.5’. The 
mean extent of the vibration at any 
station varies with the daily changes in 
the sun’s declination, and so having 
semi-annual inequality, being deflected 
towards the east, and therefore with a 
negative sign, or less than unity, when 
the sun is north of the equator; but 
toward the west, and consequently more 
than the mean, when the sun is south of 
the equator. 

The annual variation, independent of 
the daily, is a very small quantity, 
amounting, in the British Isles, to only 
about 59.56 sec., as given by General 
Sabine, being 28.95 sec., from March 
2ist to the 21st of September, with the 
signs minus and plus 29.9 sec., during the 
remaining six months. It affects in like 
manner both the northern and southern 
needles. 

The daily variation of the needle also 


value at Philadelphia, as 


varies with variation in the latitude of | this point of view, one can clearly dis- 
the observer; reckoning from a certain, | cern, that our theory admit, that the 
and seemingly fixed line, termed the | magnetic equator of a planet lies direct 
magnetic equator. In fact the needle, IN |in the plane of the equator of the sun, 
its daily swing, does not play backward | hence, in the case of our earth, it inclines 
and forward, pendulum-like, across the | to the ecliptic, according to Dr. Herschel, 
meridian of a station, but virtually its/ by the angle of 7° 20’. But the axis of 
north pole revolves with the sun around | the ecliptic inclines to that of the earth’s 
the earth—toward the west in the north-| equator by the angle of 23° 27’ nearly, 
men’s day, and toward the east in the| from which take the angle 7° 20’, and 


day of the southern hemisphere. So in| there remains 16° 7’ for the inclination 
|of the earth’s equator to that of the sun, 
which is the very degree given by Dr. 
Mayer as the mean inclination of the 
magnetic equator to the terrestrial, as 
found on actual observations. 

Now, it is evident that that magnetic 
meridian which passes through the node, 


the southern hemisphere the motion of 
the needle appears to be reversed, 
towards the east in the day time and 
towards the west in the night. 

The case is also the same with the 
secular vibration; in the southern hemi- 
sphere the needle appears to vibrate in 
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or point of intersection of these two| 
equators, is at right angles with the | 
magnetic equator, and consequently | 
inclines to the true meridian at that. 
= by the same angle of 16° 7. 
When the needle in its secular swing 
comes to this meridian—which I shall 
term the prime—the rate per year of 
declination should be of the greatest 
value, and its tropics, east and west, 
should decline from it by the same angle | 
of 16° nearly. 

Next I shall inquire, as to whether | 
this accords with the observations 
already made by scientists. The follow- 
ing table gives the declination of the 
compass needle at London, with the 
mean rate of its motion as referred to 
periods of observation between 1580 to 
1865, comprising a part of an easterly 
half, the whole of the westerly, and a 
part of the next westerly half vibration. 
(Sir Wm. S. Harris’ Rudiments of Mag- 
netism. Dr. Woad’s Ed. page 258; also 
Dr. Lloyd of Dublin). 


EASTERLY DECLINATION. 
Years of observation 1580 1622 
Declination 11°5' «=6°0' 
Rate per Yearof Declinat. 0°7' 0°8' 


1660 

0°0’ 

0°10 
WESTERLY DECLINATION. 

Years. 1692 1723 1730 1765 1818 1852 1865 

Decl. . 6°0' 8°36’ 13°0' 20°0' 24°36’ 22°30" 20°44’ 

Rate p. Y. 11’ 11.7” 11.5’ 0.9’ 0.0’ 0.5’ 0.7” 


Here we see that the rate per year of 
the variation was greatest about 1723, 
the time the declination at London was 
8° 36’, that the tropic was reached in 


1818 when the rate per year was zero, 
and the declination from London 24° 36’ 
or about 16° from the point where the 
rate per year was the greatest, or the 
node of the two equators. 

Now, this prime meridian, or that 
which lies in the plane of the sun’s axis, 
and intersects the two equators at their 
nodes, must become an important line in 
terrestrial magnetism, for when the 
horizontal magnet, on its secular swing, | 
passes over it, it is then at its greatest, 
amplitude, or most distant point from 
its tropics, its rate per year the swiftest, 
and the daily vibration of the greatest | 


| dipping needle, in its secular vibration, 
comes to this line, it is always in one of 
its tropics. This is, as I shall soon prove, 
the very line of its apsides. 

I have now arrived at my evidence 
that the magnetic equator of the earth 
lies in the plane of the equator of the 
sun, and since the magnetic pole revolves 
about that of the earth, it is plain, that 
the magnetic meridian cannot, in all 
places, and at all times cut the magnetic 
equator at right angles; it can only do 
so at that place called the nodes of the 
two equators. 

Sir Wm. Snow Harris, in the volume 
just alluded to, observes that the oscilla- 
tion of the needle across the true meri- 
dian is variable, that the limit of its 
angular variation at London is 24° 36’, 
It seems that he also understood, that 
the limit is not of that amount at all 
places, that it is only so at London, and 
those places under the same meridian. In 
fact, this angular variation at any station 
depends on the distance of its meridian 


from the prime meridian—the difference 
lof its declination at London from the 


prime meridian is 8° 36’, which added to 
16° gives 24° 36’, the observed angular 
variation of the needle at London, when 
it arrives at its westerly station "where 
the variation rate per year is zero. 

I further discovered, that the extent of 
the mean yearly vibration at any station 
is equal to the daily vibration at the time 
the needle comes to the prime meridian. 
The rate of the vibration at any station, 
evidently increases or decreases with the 
rate per year at which the needle moves 
in that declination, which is as the square 
root of the declination itself; both the 
rate per year, and the extent of the 
swing is evidently greater in the plane 
of the prime meridian, even as the mag- 
netic intensity is greater in the plane of 
the solar axis. 

From what has been said, it is evident 
that the magnetic axis only advances in 
its orbit during the time the needle 
vibrates westward; for though the earth 
/continues to move regularly in its orbit, 
yet, while the needle moves to the east 
the magnetic axis does not advance on 


value; and the nearer a station is to this | the earth’s surface, for it only advances 
) y 


line on the same magnetic latitude, the | 
greatest in proportion is the visible | 
range of its daily vibration. 

And even this is not all. When the| 


| 


westwards, as before shown, and as the 
needle, which is always coincident with 
the axis of the sun, only moves westward 
for about half of the time, the magnetic 
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axis, in the mean, only advances west- 
ward about 30’ per day, as the earth 
advances nearly a degree a day in the 
zodiac. So, all other causes eliminated, 
the whole daily advance of the needle 
would only amount to that arc. But 
there are other phenomena that should 
be taken into consideration. The decli- 
nation of the needle, as said before, 
changes with the sun’s declination, and 
also with the motion of the earth in its 





orbit. Dr. Bache in his “ Magnetic Dis- 
cussions,” page 10, has this remarkable 
expression: “The annular vibration 
depends on the earth’s position in its 
orbit. The diurnal variation being sub- 
ject to an inequality depending on the 
sun’s declination. The diurnal range is 
greater when the sun has north declina- 
tion, and smaller when south declination; 
the phenomenon passing from one state 
to the other, about the time of the equi- 
noxes.” Also, the diurnal range appar- 
ently increases as the needle in its 
secular variation approaches the prime 
meridian. Mr. Graham, the discoverer of 


the diurnal variation, who, happily made 
this discovery in 1723, about the time 
when the needle was crossing this line, 


as seen in the table above, found the 
daily variation to range 30’, the amount 
we found above as the mean range in the 
northern hemisphere. Dr. Bache adds, 
page 12: “At, (and before and after) the 





principal maximum (of the annular varia- | 
tion) between six and seven in the! 
morning, the annular vibration causes | 


and diminish them in the other half. At 
the magnetic equator, there is no 
mean diurnal variation; but in each half 
year the alternate phases of the sun’s 
annual inequality constitute a diurnal 
variation, of which the range in each 
day is about 3’ or 4’, taking place every 
day in the year except about the equi- 
noxes; the march of the diurnal variation 
being from the east in the forenoon to 
the west in the afternoon, when the sun 
has north declination, and the reverse 
when south declination.” According to 
the same authority (Gen. Sabine), the 
annular variation is the same in both 
hemispheres, the north end of the mag- 
net being deflected to the east in the 
forenoon, the sun having north declina- 
tion, while in the diurnal variation, the 
north end of the magnet, at that time of 
the day, is deflected to the east in the 
northern hemisphere. In other words, 
in regard to direction, the law of the 
annular variation is the same, and that 
of the diurnal the opposite, in passing 
from the northern to the southern 
hemispheres. 

Now, since I showed that the diurnal 
variation is of the same extent as the 
annular steps of the secular variation, we 
only gain half a day’s motion of the sun 
in a whole year; for as the direction, of 
the needle’s motion in the night is to us 
in opposite direction to what it is in the 
day, so the secular motion in the south- 
ern hemisphere is contrary to that in the 
northern hemisphere, so as to cause the 


the north end of the needle to be deflect-| yearly variation to help the diurnal, and 
ed to the east in summer, and to the|so augment the secular in the northern 
west in winter; at one p.m. the deflection to the amount of nearly 4’, as showed 
is to the east in winter ang to the west | before, which is the range of the yearly 
in summer. The range of the diurnal | variation about the magnetic equator; 
motion is thus increased in summer, and so the secular swing of the needle in the 
diminished in winter; the magnet being | northern hemisphere becomes 34’ per 
deflected in summer more to the east in| year nearly. Now, 180°—the whole 
the morning hours, and more to the west swing from tropic to tropic—divided by 
in the afternoon hours, or having greater 34=318 years, the secular period of a 
elongation than it would have if the sun| whole vibration in the northern hemi- 
moved in the equator. In winter the sphere, which is the very period given by 
converse is the case.” He also says,|Dr. A. M. Mayer in that celebrated 
page 13, in reference to the annular lecture, “The Earth a Great Magnet,” 
variation, that Gen. Sabine expresses /| alluded to before. As to the reason why 
himself as follows: “Thus, in each | the secular swing of the needle appears 
hemisphere, the annual deflections—|to follow the law of a pendulum swing- 
those that change with the declination of |ing about the center of gravity of the 
the sun—concur with those of the mean | earth, is, that while the needle describes 
annular variation for half the year, and | those parts of its orbit about the eastern 
consequently augment them, and oppoee, | and western tropics, its motion is nearly 
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in the direction of the line of our vision. 
As the needle advances in its orbit, the 
course of its swing makes a greater 
angle with that line, so as to appear to 
move swifter and swifter, until it arrives 
at the meridian of the station; where its 
sweep is at right angles to our vision 
line, and its velocity appears the greatest 
of all. 


THE SECULAR MOVEMENT OF THE 
MAGNETIC NODES. 


This motion may be termed “the most 
grand magnetic vibration.” Since the 
magnetic needle in all of its movements 
respects the apparent motions of the sun, 
I thought it worthy of remark, that, 
from the phenomenon termed “the 
precession of the equinoxes,” the nodes 
of the sun, or points where his path in 
the heavens cut the equinoctial, recede 
westward through the constellations of 
the zodiac, at the rate of about 50 sec. a 
year, which in connection with the east- 
ward movement of the line of the 
apsides—12 sec. a year—performs a 
grand revolution in about 21,000 years; 
as the axis of the sun is thus carried 
westward around the earth, the magnetic 


OF 


nodes, or points where the sun’s equator 
cuts the terrestrial, should aiso move at 
the same rate and in the same direction 
on the terrestrial equator, and so describe 
the same grand revolution from east to 


west in that vast period. And, not 
more strange than true, philosophers, 
long ago, observed this to be actually 
the case, though they could not account 
for it. 

Sir Wm. Snow Harris, in the volume 
before alluded to, page 266, has the 
following remarkable expression: “ By a 
careful analysis of the observations 
recorded at long intervals of time, the 
nodes, or points of intersection of the 
magnetic and terrestrial equators, have 
a slow westerly movement.” 


OF THE SECULAR VARIATION IN THE 
INCLINATION, OR DIP OF THE MAG- 
NETIC NEEDLE. 


From what has been explained with 
regard to the declination of the magnet- 
ic needle, it is evident that when such a 
needle is set to move freely, it always 
rests with its axis in the plane of the 
axis of the sun; which, as before demon- 
strated, revolves around the axis of the 
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earth, in an orbit that declines from it 
by an angle of about 16°. 

Now, if the earth were to revolve in 
the plane of the sun’s equator, or that 
of any of its parallels, the dip of the 
needle would be always the same, in the 
same terrestrial latitude. But since the 
earth’s orbit inclines to the sun’s 
equator, and so the earth appears some- 
times below, and sometimes above that 
plane, the magnetic pole of the earth, 
which is in juxtaposition to the pole of 
the sun, must appear to move alternately 
up and down on our meridians, according 
to what part of the orbit the sun appears 
to describe. And it is worthy of remark, 
that this phenomenon had long ago been 
observed by scientists to really exist, 
and termed “the secular variation of the 
dip of the needle.” Though this pheno- 
menon had been observed, the rate of its 
motion from time to time being watched, 
and its effect on the magnetic force and 
the movements of ‘the isoclinal lines of 
the earth accurately determined by 
scientists, yet the extent of its vibration, 
the length of its period and the place of 
its tropics, had not been discovered by 
them. 

Gen. Sabine observes, that it had been 
expected by many that the secular period 
of the dip’s variation, which was then 
decreasing, would synchronize with that 
of the declination, and that the dipping 
needle would also come to its tropic in 
1818; and that the dip would commence 
to augment from that period. But the 
philosophers had been disappointed in 
their expectation; the needle is still 
descending—the dip is still decreasing in 
the British Isles. 

Now, the true amount of the variation 
of the needle from its mean at any sta- 
tion, is the same as the inclination of the 
axis of the ecliptic to that of the sun, 
which had been given before as 7° 20’. 
And since the needle always rests with 
its length in the plane of the solar axis, 
one might infer that its period is the 
same as that of the secular variation of 
the declination needle. 

There is, to appearance, a vast disa- 
greement between the periods of these 
two phenomena, but, by my theory, 
they should correspond; and, indeed, if 
we scrutinize their movement, there is 
the utmost correspondence—they exactly 
synchronize. The mistake remained, in 
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taking the meridian of London, for the | the above discussion—that the dip of the 
goal to be sought for by the needle,|magnetic needle is double that of its 
instead of the prime meridian, or axis | magnetic latitude at any station—and as 
that passes through the intersection of | some modern scientists dispute the truth 
the two equators. ‘of this principle, and the propriety of its 
The last period of the maximum of the | application to terrestrial magnetism, I 
inclination, or when the dipping needle | shall make a few remarks thereon. 
came to its upper station, occurred in| A few years ago, I independently 
1723, when the dip was 74° 42’ at Lon-| discovered that the angular dip of the 
don; this I call the upper transit of the magnetic needle is double that of the 
needle over the prime meridian, where | magnetic latitude at the same station; 
the dip is the greatest, from where the! but have since found that Mr. Kroft, of 
needle commences to fall, and the inclin- | St. Petersburg, had long before deduced 
ation diminishes in value for the space of | this law from his observation, and that 
7° 20’. Now, if we consult the table Mr. Barlow, of England, subsequently 
given elsewhere, we will find that this | arrived-at a similar deduction by experi- 
year, (1723), was the very year the menting on a magnetic sphere of soft 
declination needle came to a coincidence iron; that Biot endorsed it, and has given 
with the prime meridian, where its|a formula for the inclination. I am 
declination to the true meridian was 16° pleased to yield the honor of the dis- 


7’, and where the rate per year of its 
secular movement was the greatest of all. 

By 1840, according to the observations 
made at Kew, the dip was 69° 12’, the 
difference in 116.7 years being 5° 28’ 
nearly, equivalent to an uniform diminu- 
tion of 2’ 8 sec. annually, and Gen. 
Sabine observes that the rate of the 
diminution of the dip in London had not 
materially changed for the last 150 years. 

The grand vibration of the declination 
needle, according to Dr. Mayer, is made 
in 318 years, half of which is 159 years, 
this multiply by 2.8=445’, or 7° 25’, the 
are through which the needle falls, which 
is nearly equal to the given inclination 
of the ecliptic to the solar equator, 7° 20’. 
And I think the former is the most true 
measure of the latter, for it is evident, 
even if the latter was formerly correct, 
that as the inclination of the ecliptic to 
the earth’s equator diminishes, its inclin- 


ation to the sun’s equator must increase | 


by the same amount. Thus we see, that 
the secular period of the dipping needle 
is also the period of the declination 
needle; they were together on the prime 
axis in 1723, and will again meet on the 
same line in 1882, for 1723+ 159=1882, 
when the dip will begin to increase again. 

I may here remark that to the east of 
the prime meridian, both the declination 


and the inclination of the needle increase | 
in value till the needle arrives at its | 


upper transit, whence, in describing the 
western hemisphere, they both decrease 
again. 

One thing I have taken for granted in 


‘covery to these wise men. But the 
/explanation of the cause of this pheno- 
/menon I have not as yet met with. 

It is represented in books, that at the 
|magnetic pole the dip of the needle is 
|90,° and so it is to the horizon at that 
point; but not so in comparison to the 
horizontal needle at the magnetic equa- 
tor. For, the earth being a globe, the 
position of the needle at the pole is 
“parallel” to that on the equator, its 
north pole points in the opposite direc- 
tion, or it declines from the latter 
position by the are of 180,° or twice 90° 
the greatest latitude. 

It is a well known principle in optics, 
‘that, when a light is reflected from a 
rotating mirror, that the angle of reflec- 
tion of a ray is double that of the 
rotating mirror, that is, if the mirror be 
/made to rotate through 45° the reflected 
beam would pass through 90°. 
| If we now suppose the mirror to be a 
globe like our earth, it is evident that 
moving the beam around the globe from 
the equator to the pole would produce 
the same effect as causing the plane 
mirror to rotate. The same law is 
evidently observed by the dipping 
/needle, in swinging its tail around the 
heavens, as it is carried in a free position 
from the magnetic equator to its poles. 

———_+-e—_—_ 

Tue Secretary of State for India desires 
that the municipality of Bombay would 
urge the Government to carry out a sys- 
|tem of drainage, as that would remove 
‘one source of ill-health and disease. 
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THE PROGRAMME OF THE STUDIES OF THE ARCHITECT 
AND OF THE CIVIL ENGINEER. 


From “ The Builder.” 


Tue programme of the International | advantage than would be the case were 
Congress on Civil Engineering, lately | their ideas enlarged, so as to appreciate 
reproduced in our columns, is not one | the relation of their particular work to 
that we can regard with entire satisfac-| the general advance of the study of 
tion. As to its merit—as a compendious | which it is an integral part. 
catalogue of the exhibits or contributions) We have been very much struck, 
of any kind brought before the Congress, | within the past few weeks, with exam- 
we have nothing to say. But we are en-| ples of the mode in which this special- 
titled to expect that a document of this|isation of attention appears to have 
nature should form a sort of skeleton! cramped and injured the coup d’eil of 
outline of the science of engineering.|the architect. It is unnecessary to 
As such, especially when drawn up with | indicate localities, further than to say 
the lucidity of phrase and systematic that we speak of a part of the country 
order which for the most part character-| where pure air, noble prospects, good 
ize French scientific works, such a paper | roads, and comparative sparseness of 
might form a contribution of no little} population are such as to prevent 
value to the science of higher education. | unusual inducements for the erection of 
As it*is, however, the gaps and blanks| private residences of a high class. 
are almost as conspicuous as the features | Beautiful specimens of old English arch- 
illustrated. Thus, there is a head, “ 7é/é-|itecture stud the country, from the 
graphes pneumatiques,” but not a word cottage and the farm to the baronial or 
as to the electric telegraph, or those| knightly mansion. Men are found to 
wonderful methods now in process of|understand these advantages, and to 
daily improvement, by means of which|avail themselves of their existence. 
the electric fluid is employed for the | Money, it is certain, is forthcoming with 
purpose of giving sonorous signals at a/an unstinted hand. A sort of paradise is 
distance; or, in the words of Mr. Spottis- | open to the architect. 
woode, electricity is converted into} Yet here we find houses rising at costs 
sound. Again, there is a heading | varying from £1,500 to £15,000, or up- 
“ Inondations: Moyens & leur opposer,” | wards, the inspection of which, as their 
but not a word as io the first essential, plans gradually define themselves in 
for carrying out any of these methods, | brick, and stone, and mortar, serves to 
the hydraulic survey of the district liable announce the absence of the architect— 
to the floods. Indeed, the whole question | using the term in its highest sense. It is 
of survey, the very ground-work and| not that we have to complain of scamp- 
basis of civil engineering, is omitted ing, or of slovenly work. Quite the 
from the French programme. contrary. The details are often admir- 

We hold that a positive injury is|/able. But the faults that we lament are 
inflicted on scientific education by the) the want of grasp, of breadth of plan, 
setting forth of partial details as if they) and of adapting the methods of the 
constituted the whole of any branch of | builder to the special circumstances of 
study. The tendency of the age is to site. Here is a house that we might 
run into detail. The division of labor is| take as « model in many respects, with 
a means of acquiring intellectual, as well | the stable-yard crammed—quite unneces- 
as physical wealth. But the danger of | sarily—so close to the main entrance as 
losing sight of the whole in elaborate | to shut off the garden view, and promise 
detail of the parts is great and urgent. | anything but salubrity to the reception- 
Unless the general form of a science or | rooms, if the stud be more than a cypher. 
art be kept clearly before the attention There we see three or four houses, each, 
of its students, they not only sink into; may be, of some pretension to comfort 
mere specialists, but work in their and elegance, stuck so heedlessly in one 
special branches of study with less| another’s light as to form an ill-adjusted 
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block, where there might have been a 
picturesque and self-contained group of 
residences. In another place we see a 
road so diverted as to cram one house 
into an ill-shaped triangular garden, 
commanded by two roads, while the 
attempt to obliterate the old road by the 
simple process of planting, without any 
reference to the rules of landscape or 
other gardening, has brought a bit of 
irredeemable Cockneydom into what 
was a little while since an elegant and 
picturesque country road. In another 
place, where at least from £15,000 to 
£20,000 must be in course of expendi- 
ture, where the site commands a mag- 
nificent view, and where the preparations 
for a terraced garden denote a great 
freedom from any narrow ideas as to 
cost, we find, rising in the air, instead of 
a noble mansion, a heterogeneous collec- 
tion of rooms. A Gothic archway, that 
might serve for a church, opens into a 
little insignificant low vestibule, which 
entirely destroys the raison @étre of the 
gateway. Where a noble oriel window 


ought to command a broad and diver- 
sified view, a chimney is placed, with a 
small square glazed aperture, called by 


courtesy a window, on each side. By 
the doorway, a shapeless window, which 
looks like that of a buttery, is intended, 
by some strange caprice, to light a studio 
or drawing-room. All the details are 
admirable. No doubt some good exam- 
ples may be cited for every mullion, 
every moulding, perhaps every room. 
But whole there is none—only a jumble 
of parts—and of parts that are petty 
and inappropriate, when the situation 
demands the simple and the grand. 

Now we cannot doubt that an archi- 
tect who, at the same time has so much 
and so little of what is required for 
excellence in his work as the author of 
this design, must be a sufferer from a 
want of that comprehensive, systematic, 
subordinated programme for his work, 
the want of which we lament in the 
Paris programme. Given a site of un- 
usual beauty, and far-reaching view, the 
first duty of the architect should be so 
to arrange the chief rooms, and especi- 
ally the windows, of the house as to take 
this view as much as possible within— 


edifice a consistent and graceful pile of 
buildings, as forming part of the view 
from neighboring heights, should not 
| have been forgotten. But to make use 
| of such an opportunity for the sole 
‘purpose of reproducing Elizabethan 
‘mullions, thirteenth-century arch and 
mouldings, and quaint little windows 
out of which no one can look, is,—in our 
view of the case,—not only to waste 
money, but to sacrifice reputation. 

With this view we will attempt to 
sketch out something of a rough pro- 
gramme of engineering study. Our 
work must be, necessarily, tentative and 
provisional. But those who may mend 
it, not by the criticism or the addition of 
mere details, but by giving a greater 
roundness, completeness, and system to 
the whole, will deserve well of their 
professional brethren and pupils. 

The business of the engineer, then (to 
return to the Paris programme) contains 
three main divisions or provinces. These 
are " survey; (2) physical engineering; 
and (3) mechanical engineering. The 
head of special or unclassed studies may 
be added, provisionally, to include those 
| pursuits which are in the course of rapid 
| development, or which have not as yet 
been sufficiently advanced to be relega- 
|ted to their appointed stations in the 
‘completed system of scientific order. 
Survey is the basis of the whole science 
of engineering. It is either general or 
special. It ranges from geodesic opera- 
| tions of the first magnitude to the care- 
‘ful exclusion of a bit of sappy timber 
from a bridge or a door. The antiquity 
of the work of the surveyor has very 
recently been illustrated in an unexpec- 
‘ted manner. An Assyrian tablet, in 
baked clay, has just been translated for 
our pages. It is a deed of sale of a plot 
of ground, and a plan of the ground in 
question is attached. This most ancient 
land survey is more than 2,000 years old. 
Had the plans of Rome, which were 
engraved on marble, been copied in 
_terra-cotta, we might at this moment 
have a more securate knowledge of the 
ancient topography of the Eternal City 
than we have of London in the time of 
‘the Conqueror. But it was not till the 
end of the last century that a trigono- 





to make it an unrivalled furniture of the | metrical survey was generally allowed to 
reception apartments. Secondly, we be the only accurate basis for mapping a 
might suggest, the idea of making the|country. General Roy began the trig- 
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onometrical survey of Great Britain by | 
measuring his famous base on Hounslow 
Heath in 1784. In 1802, Major Lambton 
commenced the mathematical and geo- 
graphical survey of India by measuring 
a base-line near Madras. Sir George 
Everest extended Lambton’s “ great are 
series” across the plains of the Ganges, 
to the foot of the Himalayas; and when 
the vast peninsula had been covered 
with a gridiron of triangles, and a second 
base was measured in the valley of the 
Debra Dur, the difference between the 
computed and the measured length was 
only 7inches. The height of the loftiest 
of the Himalayan peaks, named, in fit 
tribute to the great surveyor, Mount 


Everest, was determined by measure-, 


ments of angles by the great theodolite 
as 29,002 feet above the sea. 

Survey, then, forms thegfirst part of 
the programme of the study of the 
engineer. It includes geodesic survey 
proper, or triangulation, with astrono- 
mical determinations of salient points; 
geographical and topographical delinea- 
tion; orography, or the contours of the 
country; geological survey; hydrological 
survey; and hydrography, or preparation 
of charts of coasts and estuaries, includ- 


ing soundings and determination of tides 


and currents. Land survey is an import- 
ant detail, subordinate to topographical 
delineation. The shading of hills and 
delineation of water-sheds, with the 
preparation of physical maps, ranks 
under the head of orography. The 
survey of buildings, and of quarries, 
mines, forests, and other sources of 
materials for the engineer and the build- 
er, carries the duties of the surveyor to 
their limit of detail. We have not 
spoken of the pioneer surveyor, whose 
duty, though important, is only pro- 
visional. 

Each branch of physical engineering is 
agen based on a branch of survey. 

he first call upon the engineer is for | 
the establishment of communications. 
For this purpose, when the first stage of 
rough work is passed, the orographical | 
and topographical surveys furnish the | 
data. Communications at present are | 
divided into national and international, | 
or exterior and interior; divisions which 
partly, though not wholly, correspond | 
with that of communication by land or 
by water. For the former, the engineer 


has to study the , denen of roads, 
pavements, tramways, and railways; for 
the latter, he has to provide ports and 
harbors, to cut canals, and to systema- 
tize rivers. 

The provision of internal waterways is 
closely connected with other branches of 
hydraulic engineering, based on hydrau- 
lic survey. Among them are drainage 
and irrigation—a study which requires 
for its completion the survey and regula- 
tion of forests and plantations. In the 
second place ranks the provision for the 
water-supply of urban districts, and, 
generally, of the population of the 
country. Inseparable from the water- 
supply question is that of sewerage, 
including the disinfection of its efluent 
water. Agricultural engineering must 
be considered in detail under a separate 
head, but is deeply affected by the 
system adopted for irrigation and drain- 
age. The details of earthwork, masonry, 
timber, ironwork, and other element of 
construction, may be grouped together 
by the writer or lecturer, but will be 
studied practically by the pupil as they 
are carried out on the different public 


-works of which the main characters are 


above indicated. 

Mining, quarrying, coal-mining, well- 
sinking and boring, form a_ separate 
branch of study. It is related, on the 
|one hand, to forestry and woodcutting; 
‘and, on the other hand, to metallurgy, 
smelting, and the making of iron and 
steel. ‘lhe civil here comes into immedi- 
ate contact with the mechanical engineer, 
whose cradle and school are found in the 
vast establishments which add forges to 
furnaces, and not only cast, roll, ham- 
mer, and forge, but also, turn, bore, and 
plane vast and complex objects of metal. 

As the physical engineer gives his 
hand to the mechanical, so does the lat- 
ter need much of the knowledge of the 
chemist. The study of heat has been 
usually regarded as a‘part of physics; 


that is to say, of that remanet of natural 


science which has not yet been portioned 
out under the name of w special study. 
But while, on the one hand, the study of 
heat, as far as its production and its 
metallurgic effect are concerned, is a 
part of industrial chemistry, the deter- 
mination of the relation of heat to 
motion, which is one of the grandest 
strides of recent science, renders the 
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study of caloric a distinct part of|in course of new application. And the 
mechanics, The English thermal unit— pump, with all its numerous applications, 
called after the name of its discoverer,;may be studied under this branch of 





Joule’s equivalent—determines the equal- | 
ity of the energy required either to raise | 
772 lbs. for a foot, or to raise the temper- | 
ature of 1 lb. of water by one degree of | 
Fahrenheit’s scale. This elevation of | 
temperature in a pound of water can be | 
produced by the consumption of half a 
acy of carbon. If water descends 
reely through a distance of 772 feet, it 
acquires from gravity a velocity of 223. 
feet per second; and if suddenly brought | 
to rest when moving at this velocity, | 
would be violently agitated, and raised | 
one degree Fahrenheit in its tempera-| 
ture. So intimately connected are| 
chemical, thermic, and mechanical phe- 
nomena. The study of mechanical 
engineering may be described as regard- | 
ing, in the first instance, the application 
of natural sources of motion. These are 
water, wind, and animal power, to which 
the ingenious labors of Capt. John 
Ericsson have enabled the engineer to 
add the radiant heat of the sun. 

The readiness with which the force of 
gravity can be utilized by falling water 





was perhaps one of the first discoveries 


engineering. 

The service of wind as a motor power 
is falling still more rapidly into disuse 
than that of water. Long lines of wind- 
mills may still be seen pumping night 
and day, whenever there is a breath of 
wind stirring, to drain our eastern low- 
lands and fens; but the windmill is 
becoming more and more rare as a 
feature of English landscape. That use 
of the wind which, half a century ago, 
was one of the proudest peculiarities of 
the Englishman, whose insular home 
made him so often a born sailor, has 
received a last fatal blow from the open- 
ing of the Suez Canal. On the China 
trade, until that great waterway was 
opened, the sailing clipper ships com- 
peted successfully with steamers; the 
former passage occupying from 90 to 100 
days, as against 15 to 80 days for the 
latter. On this well-known sea-path the 
course of the winds could be very clearly 
anticipated. But ships now run on the 
Australian line which perform a voyage 
exceeding 12,000 nautical miles, at an 
average speed of 11 or 12 knots, and 


in mechanics. The origin of the water-| consume only 1,500 or 1,600 tons of coal 
wheel is lost in the remoteness of anti-|to drive a weight of 6,000 to 7,000 tons 


quity. Still more ancient, no doubt,|from port to port. Very few sailing 
were the simplest contrivances employed, | vessels of any size are now building; and 
and to this day in use in India, for|it is only the yachtsman or the fisherman 
raising water for the purpose of irriga-| who is likely long to spread his sails to 
tion. The construction of water-wheels | the wind. 

—over-shot, breast, or under-shot—of The use of compressed air, as a 
turbines, or of any other apparatus for communicator of motion, however, is 
utilizing the mechanical force of a fall| advancing together with that of water. 
or current of water, is falling into, The ingenious effort made some thirty- 
neglect in our densely-peopled country. | six years ago to avoid the great cost of 
Certainty in command of power is even | the self-traction of the locomotive by a 
more essential to the owner of a large) pneumatic apparatus, failed, not from 
will or factory than economy; and steam mechanical, but from physical causes. 
is displacing water as a prime motor for As soon as the air in the tube was 
that reason. This is not, however, the rarified by the action of the air-pumps, 
case in America, in Italy, or in some|the heat of the earth rushed in, and 
other localities, where the water-mill is| restored the tension. Thus, the South 
still a very important care of the engi-| Devon engines were at work, not only in 
neer. In Great Britain, the disuse of | drawing trains, but in pumping heat out 
water as a prime mover is likely to be; of the earth; and they became almost 
fully made up for by its constantly red-hot in consequence. The use of air 
increasing use as a transmitter of motion. as a secondary motor is in its infancy. 
The accumulator principle is one likely In some cases, as in mining and tunnel- 
to exercise very wide development. | ing, highly compressed air performs the 
Hydraulic rams, presses, gun-carriages, | double function of moving the perfora- 
and second motors of all kinds are daily tors, and of ventilating and cooling the 
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works by its escape. It is probable that 
the employment of compressed air will 
hereafter receive a great development. 
As to the use of animal power, the 
great object of the engineer at the 
present day is to dispense with its 
employment. Among the earliest steps 
in civilization may be reckoned the 
attachment of the bullock to the plough; 
and, much later, that of the horse, not 
only to the plough, but to the wagon, 
the boat, and the coach. The entire 
period comprised in the history of the 
application of animal power has witness- 
ed an increase in velocity of work or of 
transport, from about one mile and a 
third to sixteen miles per hour. The 
former is the pace of the bullock in the 
plough; the latter rate of progress, that 
of a horse, at the fastest trot, was attain- 
ed by some of the fastest of the English 
coaches forty years ago. One great 
disadvantage of animal power is that its 
cost increases rapidly together with the 
speed attained. It is not the work done 
which is the limit of expense; but the 
wear and tear of the animal tissues. 
Each creature has its natural pace, or 
rate of movement; and the most rapidly 
moving are also the lightest animals, and 
those least adapted for performing 
mechanical work. With machinery the 
reverse is the case. Speed, in machines, 
is a great element of cheapness. <A 
machine driven twice as fast as another 
may do twice as much work in the same 
time; and although the consumption of 
fuel is proportioned to the work done, 
much of the other expense will be pro- 
portioned to the time occupied in dong 
it, so that the financial saving becomes 
considerable. Indeed, if experiments 


described in the American Journal of 


Science and Arts may be relied on, 
certain kinds of friction, such as that of 
journals, decrease with an increase of 
speed in the revolution of the machinery; 
a speed of surface revolution of 1 foot 
per minute giving 15 as a co-efficient of 
friction, and a speed of 100 feet per 
minute giving a co-efficient of only five. 
This diminution of cost accompanying 
increase of speed is an element which 
tends to the entire displacement of 
animal by mechanical moving power. It 
substitutes the steam-engine, or the 
caloric-engine, for the bullock or the 
horse, as the slave of man. Little by 


little it will extinguish the laborer, o 
the uninstructed man who derives his 
pay from the sheer exercise of muscular 
strength. Nota year passes without the 
substitution of mechanical power for 
human labor in some new field. The 
revolution thus in progress is one of 
more moment than any that the world 
has yet witnessed. Very long was it 
stoutly resisted—and resisted by the 
very men whose position, it may be 
hoped, will be elevated by the removal 
of the burden of toil from their shoul- 
ders. This fierce opposition has of late 
slackened, if not ceased, in this country. 
It is now rather felt to be the case, very 
often, that necessary work is shirked, or 
grudgingly performed, than that the 
laborer insists on his monopoly of toil. 
We here touch on a question in which 
the functions of the engineer bring him 
into contact with the statistician, with 
the statesman, and with the philanthro- 
pist. But while in newly settled coun- 
tries, and in sparsely peopled districts, 
human muscles, and the ready service of 
the bullock, the horse, the ass, and even 
the llama, may long retain their present 
importance as prime movers and sources 
of power, there seems every reason to 
anticipate that neither water, wind, nor 
animal power will be employed as prime 
movers, except under rare and exception- 
al cases, in the engineering of the future. 
To one great exception, however, we 
have by-and-by to allude. 

We cannot do justice to the subject 
without returning to its discussion. But 
in closing for the present, we cannot 


‘omit to express lively satisfaction at the 


manner in which the appreciation of the 
importance of exhaustive and systematic 
programmes is evinced by the first 
speaker at the meeting of the British 
Association. The address of the presi- 
dent is one of which every Englishman 
may feel proud. Mr. Spottiswoode’s 
tacit protest against a  professedly 
positive, but really negative, attempt to 
draw a hard-and-fast line to what is to 
be known, will receive the support of 
every worker in science, as contrasted 
with the dreamers in _ philosophy. 
Professor Ingram, in his apology for 
political economy, has taken up our own 
position—* That the study of the eco- 
nomic phenomena of society ought to be 
systematically combined with that of the 





424 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





other aspects of social existence; that | 
the excessive tendency to abstraction 
and to unreal simplification should be 
checked ; that the a priori deductive 
method should be changed for the his- | 
torical; and that economic laws and 
deductions from them should be ex- 
amined, and expressed in less absolute 
form. 

Nor must we omit, in calling attention 
to the accordance between the views we 
have long maintained and those now 


congratulate 


authoritatively put forth at Dublin, to 
the president of the 
Mechanical Sciences Section, Mr. Easton, 
C.E., on his advocacy of our own propo- 
sal, several times urged, for the creation 
of an administrative department “charged 
with the duty of collecting and digesting 
for use all the facts and knowledge 
necessary for a due, comprehensive, and 
satisfactory dealing with every _river- 
basin or water-shed area in the United 
Kingdom.” 





WATER ENGINES 


VS. AIR ENGINES. 


By L. TRASENSTER, of the University of Liége. 


‘ 
Translated from ‘‘ Revue Universelle des Mines” for Van NostTRAND’s MAGAZINE. 


I | 

Ir we take no account of the wanen| 
due to the compression of air, the ratio 
of the work restored to the work ex- 
pended, is expressed by 


1 
aaa ae 
~ 2.303 log. n’ 
n being the number of atmospheric 
pressures. 

[ Wote.—The deduction of this formula 
is given by M. Trasenster in a former 
article, as follows : 

Let p=atmospheric pressure per square 
meter= 10333 kilos. 
P=pressure of the compressed air 
v & V=volumes corresponding to above 
pressures 
P=np 
V=nv 

The theoretical work afforded by 

compressed air is 

T, =(P—p) v=Pv—pv 
but as Pv=pV and V=nv 
we shall have 


T, = Pu— pv=p(V—v)= pV (1—*) 








Whatever the pressure therefore to} 
which one cubic meter of air be com- 
pressed the work performed by its ex- 
pansion will always be less than p x1 or 


10333 kilogrammeters. To accomplish 


3 1 
this amount of work = must become 


equal to 0, whence x equal to infinity. 
The work of compression is expressed 
by the formula 
Ta =pV +nep. log. n 
and the ratio of work restored to work 
expended is as above 
1 


4 
n 


E= . 
PV X2.303 log. “ 

If the heat be taken into account the 
useful results are still lower and the 
losses augment with the pressures. 

If c represent the specific heat of air at 
constant pressure 


& c’ represent the specific heat of air at 
constant volume 





ce 
—==k=1.408 
c 


If p represent pressure and Q the cor- 
responding volume, then by Mariotte’s 
law, pQ is aconstant. Also according to 
Poisson pQ, is a constant 

Furthermore the coefficient of dilata- 


tion of gases by heat being 34, == and 


absolute zero being —273° we have the 

known relation 
273+T e ) = 
273+¢ q/* 


k—1 


(7) 
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and representing 
k—1_ 0.408 
a. 


1.4087 2? by b 
we may write the above 
273+T =(F 0.99 (- —_ 
23+t =(-) i =) sa 
From this supposing the initial tem- 
perature of the air 10° C we deduce the 


following values for temperatures for the 
several pressures given 

P= 73° 
116° 
150° 
236° 
276° 


2 atmo., T= 
P= $§ sae T= 
P= 4 
P= 7 
P= 10 
P= 25 451° 
If compressed air be expanded a 
lowering of the temperature is the result, 
the extent of which may be calculated 
by the same formula, T representing the 
initial and ¢ the final temperature. If 
T=10° and the expansion be the result 
of diminishing the pressure from 3 to 2, 
the value of ¢ becomes —21.4°. If T be 
25°, t=—8.1°. 
If a volume of air, compressed by 
7 atmospheres as at Mont Cenis, and St. 
Gothard, be expanded to atmospheric 
pressure, we find by the formula 


273+10 sana 
273+¢ alas 
t=—112°. 
- The work absorbed by the compres- 


sion is, taking the temperatures in ac- 
count 


“ 
se 
“< 


“ 


@ 
But we know that 
a+T ( P 
a+t \p 
From which we get 


k—1 
\r= ne 


we shall have by substitution 





Ty =}Q(n° -1). 


The value of the work restored is 
] 
T, =pQ(1—;). 


Consequently we get for the ratio of 
work restored to work expended 


“1A(-!) 0-2) 


- n>—1 no —1 


PQ 7 


and substituting for d its value 0.29 


0.29(1 —_ ') 
n 


“90.29 


The useful effect decreases as the 
pressure increases, and the more rapidly 
if we allow the air to heat during com- 
pression. ' 

The following table exhibits the dif- 
ference of useful effects of 1st, the com- 
pressed air cooled and, 2d, the com- 
pressed air allowed to retain the heat 
due to compression : 

Useful effect. Useful effect. 

Air cooled. Heat retained. 

0.72 0.65 
0.61 0.52 
0.54 0.44 
0.50 0.39 
0.44 0.31 
0.30 0.18 


These figures show that not only is 
the useful effect diminished as the press- 
ure increases, but that the difference be- 
tween the performances of these two 
conditions augments also. 

A pressure of seven atmospheres was 
employed in tunneling the Alps, and the 
pressure of twenty-five atmospheres has 
been recommended by M. Mékarski for 
tramway engines. 

The effect of heating has been largely 
avoided by the use of water spray as em- 
ployed by M. M. Colladon, Cornet, and 
others. Diagrams obtained under such 
conditions differ but little from those re- 
quired by Mariotte’s law. 

It is necessary in order to reduce the 
loss of work to a minimum to employ the 
expansive force of the air without so 
great loss of heat; but the problem pre- 
sents great difficulties. 

M. Cornet who has given much atten- 
tion to all the practical questions relative 


Pressures. 
2 atm. 
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to compressed air, has suggested the use 
of an injection of water at the tempera- 
ture of the mines. It has also been pro- 
posed to heat the outside of the cylinder, 
a plan of slight efficiency. Finally it 
has been proposed to employ, in con- 
nection with the compressed air, water 
heated to a high pressure. 


Il. 


EMPLOYMENT OF WATER AT HIGH PRESS- 
URE. 

Compressed air possesses exceptional 
advantages as a motor for machines 
working at high velocities in shafts and 
galleries of mines. Its use, however, in- 
volves an expensive equipment, and it is 
rare that more than a third of the power 
of the compressing engine is realized in 
practice. It is, therefore, not an econo- 
mical method of transmitting force to 
the depths of mines and tunnels. 

Water, by reason of its incompressi- 
bility, transmits force without other loss 
than such as arises from friction. In 
mines its weight suffices for an initial 
force, without aid of special devices; but 
its mass prevents the use of high veloci- 
ties in water pressure or piston engines. 
It is necessary, therefore, that in con- 
ducting pipes it should move with lower 
velocities than air or steam. 

Notwithstanding the difference in den- 
sity and mobility of the two fluids, the 
loss of work due to friction in the pipes 
can be made as little or less than that 
from use of air in two ways: 

lst. By increasing the diameter of the 
conducting pipes, and thus reducing the 
velocity. 

2d. By compensating for the diminu- 
tion of velocity or volume of the water 


by an increase of the effective pressure | oy 


without modifying the section of the 
conduits. 

We know that for a circular conduit 
whose length=d, radius=r and deliver- 
ing a volume Q per second, the velocity 


om 


ar 


The head which measures the resist- 
ances to this motion is calculated by the 
formula, 


h="rV* or 2 as, 
r | 


The coefficient c is determined by experi- 





ment; for gas it is 0.00031; for water it 
varies between 0.000356 and 0.000385 
according to the velocity, 0.00037 may 
be considered a mean value. 

The height being thus determined, the 
pressure due to this upon a unit of sur- 
face is found by multiplying by the 
weight of a unit of volume. In other 
words, to calculate the pressure to the 
square meter it is necessary to multiply 
the height which measures the friction 
by the weight of a cubic meter of the 
fluid. 

The weight of a cubic meter of water 
is 1000 kilograms. A cubic meter of air 
at 0° and pressure of 0™.76 is 1* .293. 
But the temperature is generally above 
this and it moreover contains a quantity 
of watery vapor so that the weight of 
the meter, under ordinary circumstances, 
may be taken at 1*.25 corresponding to 
a temperature of 9.4°. This is 4, of 
the weight of the same volume of water. 

Under a pressure of » atmospheres a 
cubic meter of air will then weigh 1.25n 
kilograms. 

The pressure per square meter for air is 


2 
AX1.25n= “IV"x 1.25n=201 2, x 1.257” 


and for water, 
2 


2 , 
hx 1000=—1V" xX 1000=2¢'2 


m*y’* 
x 1000. 
Equating these values; 
2c1Q’ 2¢’1Q’ 
= x 1.25n= — x 1000 
eX 1.25n_ ¢’1000 


7 7’ 





ad 
0.00031 x 1.25% 0.00037 x 1000 


7 = gh 





From which we get 
r’® 1000 _ 37 800 


Y 1.25n*31 nr 
If n=4 we find 

r’* =r" x 200 X 1.193 
=r °,/238.6=7 X 2.989 


Whence we see that it will suffice to 
triple the radius of the conducting pipe, 
in order to insure a circulation of water 
through it by the same effort or moving 
force as that required for the same vol- 


xX 1.198. 


or 





WATER ENGINES 
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ume of air under a pressure of four 
atmospheres; a medium 3}, of the dens- 
sity of water. 

But a better solution of the problem 
is obtained in another way. 

The ratio of the work lost by friction | 
in the pipe, to the work afforded by the | 
water at a pressure of »’ atmospheres is | 

Q’h’1000 _h’1000 | 
Q’ x 10333 ~ 10333n’ 

The loss then is a fraction which de-| 
creases as 7’ increases. ; = 

In the case of compressed air the ratio 
of work of friction to effective work is 

Qrx1.25n _ 1.25 mh 
Q xX 10333(m—1) ~ 10333(m—1) 


ae ‘ : n 
It diminishes with the fraction oe, 








—— : 
and not with — as in the case of water. 
7% 


| 


But the chief advantage of employing | 
water at high pressure is that we obtain 
the same effective work as with com- 
pressed air, with so much less volume 
and can, consequently, reduce the 
velocity in the supply tubes in like pro- 


portion. iF 


The work of a volume Q’ of water 
under a pressure of »’ atmospheres or 
n’p=n’'10333 kil. is expressed by 

Q‘n'p. 

If we deduct the work of friction in 

the pipe, 


"3 


Q'n'p— 2x 0.872 


To make this work equivalent to that 
of a volume, Q of air, urged through a 
tube of the same dimensions, and with 
equal resistances for the two fluids, we 
establish the following equations : 

Ist. Equalizing the energy on entering 


the pipe : 
Q’n’p=Q(n—1)p 
Q’n'’=Q(n—1); 
2d. Equalizing the loss from friction 
in the pipe : 
For water this work is 


2x 0.00037 
a 1Q" 1000. 


or 


Q’h’ x 1000= 
For air it is 


2X 0.00031 
ae IQ 1.25. 





Qh xX 1.25n= 


Equating these 

Qh x 1.25n=Q’H’ x 1000 
or 
2x 0.00031 


a oa 


2x 0.00037 
1Q°1.25n= ==, 
Q o a a 


x 
Q” x 1000 
31Q°1,.257=37Q”*1000, 
we then have 
37 1000 
pind ee 
Q ~ 31 1.25% 


Q=9 4/%H4, 


Q=Q’ x 7.816 
Q=Q’ x 6.828 
Q=Q’ x 6.20 
Q=Q’ X 5.758 
Q=Q’ x 5.419 
Q=Q’ x 5.148 
The equation Q’n’=Q (n—1) gives 


n= En 1). 


or ~ 


800 
x Q?=1.193 x . oo 


and 


and consequently 
atm. 


n’=1X7.816=3.91 n or 7.82 
n’=:2 XH.828=4.55 n or 13.65 
n’=3X6.20 =4.65 2 or 18.60 
n’=4X5.758=4.61 n or 23.03 
n’=5 X5.419=4.51 n or 27.09 
n’=6 X5.148=4.41 2 or 30.89 


Thus with pipes of the same diameter, 
a volume Q of compressed air, and a 
volume Q’ of water will yield the same 
effective work if 

—',/954.4 
Q’ 
if also the pressures »’ of the water and 
n of the air bear the ratio 
Ps / 954.4 
n—l Je n 
It appears also that to realize this con- 
dition that the water pressure should not 
exceed 4.65 times the pressure of the 
air. 

Another point of interest relating to 
water pressure or compressed air motors 
working in mines, is the influence of the 
difference of level between the two ex- 
tremities of the conducting pipe. 
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‘If we suppose a vertical tube of a 
height H; ~ and N being the respective 
air pressures at the two extremities, we 
shall have the following relation : 

Lo N_1.25xH 
8 10333 
calling 1, .25 the weight of a cubic meter 
of air. 

But the results of this formula differ 
so little from those obtained by consid- 
ering the air incompressible, that we 
may, for all ordinary cases, calculate the 
increase of pressure, per unit of surface, 
at considerable depths by estimating the 
column of air by 1.25+” XH. This is 
expressed in atmospheres per square 
meter by dividing by 10333 
1.25xnXH 

10333 
This for »n=4 and H=100 meters is 

=0.0484 
consequently N=n+0.0484=4.0484 
the logarithmic formula above gives 
N=4.049 
a difference of only 0.0006 of an atmos- 
phere for a difference of level of 100 
meters. 

For 1000 meters the formulas give re- 
spectively for values of N; 4.484 and 
4.516; a difference of only 0.032 of an 
atmosphere. 

We may then in applying the formula 
to mines treat the air as we do water, 
and consider the augmentation of press- 
ure at the bottom as due to the weight 
of a column of fluid of the same. density 
throughout. 

So that for a column of vertical height 
H we have for pressure per square metre 
due to height, 
for air Hx1.25xn 
for water Hx 1000 

This pressure is reduced, Ist, by the 
friction of the fluids; and, 2d, by the 
counteracting pressure of the atmosphere 
or rather of the increase of atmospheric 
column. This latter would be the same 
for both kinds of motor and would be 
equal very nearly to 1.25 H kilograms 
per square meter. 

The resistance due to friction is for 
the air, represented by a column equal to 


2¢HV?, 
= 


or 





and by a pressure equal to 
“HV? X 1.25 n 


For the pressure lost would be equal 
to 


2c’ 
— x 1000, 


the velocity V being the same in both 
cases. 
Consequently 


the pressures, after 


making the deductions, would be 
For air 


Hx 1.25 n(1—"“v+) Hx 1.25. 


For water 
H~x 1000 (1—*<y+)_Hx 1.25. 
If we make 


n=4, V=1 and r=0.10, 
we shall have the effective pressure, for 
air, 
5H(1—0.0062)—1.25 H=H(5 x 0.9938 
—1.25)=Hx 3.719 
and for water, 


H x 1000(1—0.0074) —1.25H=H (992.6 
—1.25)=H x 991.35. 


If H=100 we shall for pressure per 
square meter, due to difference of level; 
for the air 371.9 kil. which for V=1 and 
r=0.10 would represent a supplementary 
work of 371.9 0.0314=11.68 kilogram- 
meters, or 0.156 horse-power. 

With water the supplementary work 
for the same conditions would be : 


99135 X 0.0314=3112.82 *™, 


=41.50 horse-powers or 266 times as 
much as from the same volume of air at 
four atmospheres pressure. 

For a pipe of 0™.05 radius and a 
velocity of one meter, the effective work 
of water at 100 meters becomes 10.3 
horse-power; at 400 meters it becomes 
41.2, and if for this depth the radius is 
made 0™.10 the effective work=166 
horse-power. 

It is true that in most cases the water 
used for such purpose in mines would re- 
quire pumping out again; but this re- 
quires no unusual equipment. The drain- 
age of mines by pumping engines is a 
constant factor of mine working. These 
engines are usually steam pumps yield- 
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ing an efficiency of 75 to 80 per cent. of | 
the power of the engine. 
Compressed air, on the other hand re- 


v_* /ii0s 
r 1,25’ 


quires for the compression, a special ap-| the weight of the cubic meter of air be- 
paratus, in which not more than a third | ing 1.25 kil. 


of the work is rendered effective. 

The greater pressures required for) 
water motors would demand stronger | 
and more costly tubes. But it may be, 
added that in working the galleries of | 
mines a descent of the water from the | 
motor to the well of the drain pump | 
would frequently afford a source of | 
power. 

A recapitulation of the foregoing | 
is exhibited in the following formulas: | 


The effective work of air compressed | 
without heating is 
. | 

1-2 | 
Mv | 


Ss log a” | 


1 
1—*) 
ve 


02? 


in 0.20( 


} 


when we consider the air heated to the 
full extent due to the compression. | 

Water meets in the pipes greater re- 
sistances than air; but for the same vol- 
ume transmitted the loss of work from 
this cause is the same for the two fluids 
if the radii of the conduits have the 
ratio : 


Both air and water in conduits of the 
same diameter yield the same effective 
work at the ends if the volumes Q and 
Q’ and the pressures nm and »’ bear the 
following proportions : 


— co’ 4/9544 
ono 


Finally, in a descending column the 
increase of useful pressure per square 
meter due to the weight of the fluid is, 
for a height H and velocity V, 
for air 


0.00062 
Hx 1.25n( 


hes 0.00062 V*) —H.1.25 
and for water 


Hx 1000(1— —H.1.25. 


sented 
r 

We may conclude then that although 
compressed air possesses undoubted ad- 
vantages as a motive power in mines, 
where machines run with a high velocity 
and a shock, as do the several drilling 
machines, for ordinary service the high 
pressure water engines are preferable on 


| the score of efficiency and economy. 





THE MOST ANCIENT LAND 


SURVEY IN THE WORLD. 


From “ The Building News.” 


Heropotvs, the father of history, tells 
us that the science of geometry origi- 
nated in Egypt, where the practice of 
land-surveying was first rendered neces- 
sary by the frequent obliteration of land- 
marks, through the periodical overflows 
of the river Nile. Plato ascribes the in- 
vention of geometry to Thoth. Ilam- 
blichus says that it was known in Egypt 
during the reign of the Gods; and Eusta- 
thius, in speaking of an age long before 
the Greeks were sufficiently advanced to 
study or practice the art, says that the 
Egyptians “recorded their march in 





inaps, which were not only given to their 
own people, but to the Scythians also, to 
their great astonishment.” The frequent 
changes of surface must have rendered 
the land-surveyors’ a rather busy profes- 
sion in ancient Egypt, and a considerable 
body of them were employed by Rameses 
III., whose office is thus described by 
Herodotus: “If the river carried away 
any portion of a man’s lot, he appeared 
before the king and related what had 
happened, upon which the king sent per- 
sons to examine, and determine by meas- 
urement the exact extent of the loss; 
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If we suppose a vertical tube of a 
height H; and N being the respective 
air pressures at the two extremities, we 
shall have the following relation : 
N_1.25xH 
n 10333 
calling 1, .25 the weight of a cubic meter 
of air. 

But the results of this formula differ 
so little from those obtained by consid- 
ering the air incompressible, that we 
may, for all ordinary cases, calculate the 
increase of pressure, per unit of surface, 
at considerable depths by estimating the 
column of air by 1.25+nxH. This is 
expressed in atmospheres per square 
meter by dividing by 10333 
1.25xnXxH 

10333 
This for n=4 and H=100 meters is 

=0.0484 
consequently N=n+0.0484=4.0484 
the logarithmic formula above gives 
= 4.049 
a difference of only 0.0006 of an atmos- 
phere for a difference of level of 100 
meters. 

For 1000 meters the formulas give re- 
spectively for values of N; 4.484 and 
4.516; a difference of only 0.032 of an 
atmosphere. 

We may then in applying the formula 
to mines treat the air as we do water, 
and consider the augmentation of press- 
ure at the bottom as due to the weight 
of a column of fluid of the same. density 
throughout. 

So that for a column of vertical height 
H we have for pressure per square metre 
due to height, 
for air Hx1.25xn 
for water Hx 1000 

This pressure is reduced, Ist, by the 
friction of the fluids; and, 2d, by the 
counteracting pressure of the atmosphere 
or rather of the increase of atmospheric 
column. This latter would be the same 
for both kinds of motor and would be 
equal very nearly to 1.25 H kilograms 
per square meter. 

The resistance due to friction is for 
the air, represented by a column equal to 


“cHV’, 
r 


Log 


or 





and by a pressure equal to 
“HV? X 1.25 n 


For the pressure lost would be equal 
to 


2c’ 
—HV’ x 1000, 
r 


the velocity V being the same in both 
cases, 

Consequently the pressures, 
making the deductions, would be 


after 


For air 
= ' 2e = 
Hx 1.25 n(1 —*y)_Hx 1.25. 
For water 
Hx 1000 (1—*<y+)_H1x 1.25. 
If we make 


n=4, V=1 and r=0.10, 
we shall have the effective pressure, for 
air, 
5H(1—0.0062) —1.25 H=H(5 x 0.9938 
—1.25)=H x 3.719 
and for water, 


Hx 1000(1—0.0074) —1.25H=H(992.6 
—1.25)=H x 991.35. 


If H=100 we shall for pressure per 
square meter, due +o difference of level; 
for the air 371.9 kil. which for V=1 and 
r=0.10 would represent a supplementary 
work of 371.9 0.0314=11.68 kilogram- 
meters, or 0.156 horse-power. 

With water the supplementary work 
for the same conditions would be : 


99135 X 0.0314=3112.82 *™, 


=41.50 horse-powers or 266 times as 
much as from the same volume of air at 
four atmospheres pressure. 

For a pipe of 0™.05 radius and a 
velocity of one meter, the effective work 
of water at 100 meters becomes 10.3 
horse-power; at 400 meters it becomes 
41.2, and if for this depth the radius is 
made 0™.10 the effective work=166 
horse-power. 

It is true that in most cases the water 
used for such purpose in mines would re- 
quire pumping out again; but this re- 
quires no unusual equipment. The drain- 
age of mines by pumping engines is a 
constant factor of mine working. These 
engines are usually steam pumps yield- 
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ing an efficiency of 75 to 80 per cent. of 
the power of the engine. 

Compressed air, on the other hand re- 
quires for the compression, a special ap- 
paratus, in which not more than a third 
of the work is rendered effective. 

The greater pressures required for 
water motors would demand stronger 
and more costly tubes. But it may be 
added that in working the galleries of 
mines a descent of the water from the 
motor to the well of the drain pump 
would frequently afford a source of 
power. 

A recapitulation of the foregoing 
is exhibited in the following formulas : 


The effective work of air compressed 
without heating is 


and 


when we consider the air heated to the) 


full extent due to the compression. 

Water meets in the pipes greater re- 
sistances than air; but for the same vol- 
ume transmitted the loss of work from 
this cause is the same for the two fluids 
if the radii of the conduits have the 
ratio : 


ae. 

r 1,25’ 
the weight of the cubic meter of air be- 
ing 1.25 kil. 

Both air and water in conduits of the 
/same diameter yield the same effective 
'work at the ends if the volumes Q and 
Q’ and the pressures and »’ bear the 
following proportions : 


Q=Q’ 954.4 

| n 
2 * / WHA 

n =~](n—1)=(n—1 a 

Gn =(n—1) o/ S44 

| Finally, in a descending column the 

|increase of useful pressure per square 

'meter due to the weight of the fluid is, 

, for a height H and velocity V, 

| for air 


Hx 1.25n(1— 





0.00062 
o.00estv") —H. 1.25 


| and for water 
atte 
r 


| Hx 1000(1— 


—H.1.25. 


We may conclude then that although 
compressed air possesses undoubted ad- 
vantages as a motive power in mines, 
where machines run with a high velocity 
and a shock, as do the several drilling 
machines, for ordinary service the high 
pressure water engines are preferable on 
| the score of efficiency and economy. 





THE MOST ANCIENT LAND SURVEY IN THE WORLD. 


From “The Building News.” 


Heroportvs, the father of history, tells 
us that the science of geometry origi- 
nated in Egypt, where the practice of 
land-surveying was first rendered neces- 
sary by the frequent obliteration of land- 
marks, through the periodical overflows 
of the river Nile. Plato ascribes the in- 
vention of geometry to Thoth. Iam- 
blichus says that it was known in Egypt 
during the reign of the Gods; and Eusta- 
thius, in speaking of an age long before 
the Greeks were sufficiently advanced to 
study or practice the art, says that the 
Egyptians “recorded their march in 


inaps, which were not only given to their 
own people, but to the Scythians also, to 
their great astonishment.” The frequent 
changes of surface must have rendered 
the land-surveyors’ a rather busy profes- 
sion in ancient Egypt, and a considerable 
body of them were employed by Rameses 
IIL, whose office is thus described by 
Herodotus: “If the river carried away 
any portion of a man’s lot, he appeared 
before the king and related what had 
happened, upon which the king sent per- 
sons to examine, and determine by meas- 
urement the exact extent of the loss; 
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and thenceforth only such a rent was 
demanded of him as was proportionate 
to the reduced size of his land. From 
this practice, I think, geometry first 








came to be known in Egypt, whence it 
passed into Greece.” Whether these 
ancient land-surveyors’ made plans of | 
the land they measured we cannot say, | 
because among the copious records of | 
Egypt no agricultural plans, so far as 
we can at present remember, have yet 
been found. There are some plans re- 
maining of royal tombs, with dimensions | 
carefully figured in cubits, and also of | 
the turquoise mines of Wadi-Magarah, 
fac-similes of which have been published | 
by the German Egyptologist, Dr. Lep- | 
sius; and there are verbal records of the 
boundaries of particular lands, but none | 
of the maps mentioned by Eustathius, or | 
of those which possibly were drawn by | 
the surveyors of Rameses or their suc- | 
cessors. 

Discoveries recently made, however, 
at the British Museum among the cunei- | 
form inscriptions on the terra-cotta 
tablets of ancient Babylon render it 
questionable whether the Babylonians 
should not have at least equal credit 


with the Egyptians, for the discovery of 
the science of geometry, and of its ap-| 
plication to land-surveying and the de-| 


terest charged upon these transactions 
was often as much as 30, and sometimes 
even 70 per cent. 

The actual definition of the boundaries 
of land was effected in Baylonia by 
boundary stones, on which were carved 
not merely a statement of the boundaries, 
/but words which constituted the stone 
itself the actual deed of gift or sale. 
One of the most noticeable of these 
boundary stones in the British Museum 
is a large stone bearing an inscription of 
Merodach-baladan L., B.c. 1200, presented 
by the proprietors "of the Daily Tele- 
graph. It records a gift by the King of 
a plot of land to a person named Mero- 
dachsum Izakir, as a reward for political 
services. It gives no dimensions, but 
carefully describes all adjoining proper- 
ties, and is attested by many witnesses. 
Another conical black stone, dated B.c. 
| 1150, is extremely interesting, as giving 


| the price paid for the purchase of the 


field—viz., 616 mana of silver; but inas- 
much as this price was paid in kind, not 


‘in cash, we have an enumeration of the 


different articles, with their respective 
values, among which are: “One chariot, 
with its harness, for 100 silver; six riding 
horses, equal to 300 of silver; a cow in 
calf, some asses and mules, as well as 
numerous pieces of cloth.” This stone 


lineation of plans. The country between | also gives us the name of the ancient 
the Euphrates and the Tigris was very land-surveyor, who not only defined the 
early inhabited by a land-owning popu- | boundaries, but also assessed the value of 
lation, and was subject to the same vicis ‘all these chariots, cows and calves, and 
situdes of periodical overflow by the asses 'and mules. "Let the land- -surveyors 
rivers as Egypt; and like circumstances of the 19th century learn to reverence 
produced similar effects upon their pro-| the name of this man, who, until Mr. 
gress in science and arts. Laws for the Boscawen unearths some still older tab- 
regulation of property in land may be| let, must remain the father of their art. 
traced as far back as the days of the| His name was Sapiku, the son of Mero- 
Kassite kings, B.c. 1656, which are writ- | dach-baladhu, and he is expressly called 
ten in the very earliest Turanian, or Ac-| Masakhu, the field-measurer. 

cadian, dialeet of the country, and which | The number of documents (that is, 
have just been translated by Mr. St. | terra-cotta tablets) which the Museum 
Chad Boscawen. Several curious par- | now possesses in relation to the commer- 
ticulars are found in these most ancient | cial and land transactions of ancient 
tablets. For example, it appears most | Babylon and of Assyria is very great, a 
clearly that the women of Babylonia collection of more than 2,000 having 
could hold real property, that land could | | been purchased at Baghdad in 1875 
be mortgaged, and that it could be/ Mr. Boscawen published an account of 
pledged, together with other things | some of these last year in a literary con- 
which modern civilization does not|temporary,* showing that they formed a 
allow. Thus one tablet says: “His | tolerably complete record of the business 
house, his grove, his field, his slaves, 
male and female, for silver he has 
pledged.” We learn also that the in- 
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who traded under the name of Egibi & 
Sons, as bankers and state land agents. 


| 
| 


use of our present common phrase, “the 
king’s highway.”) ‘The western side ad- 


Their records relate to every kind of | joins the lands of Ipriya and Buruga, the 
transaction—land sales and leases, loans son of Taria, the son of the Chief 


of money, mortgages, sales of slaves, and 
dealings in all kinds of property—and 
the documents show that they traded in 
this manner from the first year of Nebu- 
chadnezzar, B.c. 605, till the last of 
Darius Hystaspes, B.c. 486, a period of 
about 120 years. There are many in- 
teresting facts as to the daily life of the 
ancient people to be gathered from them, 
but that which it is our present purpose 
only to notice is the tablet which con- 
tains, not simply a description, but an 
actual plan of the land referred to in the 
document, just as plans are now drawn 
on parchment in the margins of leases. 
This, we think we may safely say, is at 
present the oldest known land-survey 
in the world. It is drawn on a tablet in 
dark terra cotta, about 6 inches by 3} 
inches, and represents a plot of land 
about 84 acres in area. The inscription 
at the top informs us that it is the plan 
of “ A field in the high road on the banks 
of the river or canal,” Nahr Banituy. 
The name of the river, however, is ob- 
literated, and its place has been supplied 
by Mr. Boscawen from — information 
drawn from other tablets relating to ad- 
joining property. The estate is divided 
into three pairs of parallelograms, to 
which are added two more similar- 
shaped plots, and an irregular trapezoidal 
piece. The dimensions are all given in 


fully figured on the drawing. ‘Taking 
the Babylonian cubit as 20.475 English 
inches, the greatest length of the estate 
would be, from north to south, 1646 
cnbits, or 936 yards 0 feet 5 inches 
English. The width on the northern 
border on the edge of the highway is 84 
cubits=:140 feet. The dimensions on 
the southern part being much defaced, it 
is difficult to ascertain the length of the 
base line. On the east side the curve 
is most carefully measured, its circum- 
ference being 120 cubits, or 200 feet. A 
small dimension has been marked in the 
interior of the arc, which evidently rep- 
resented its radius, but it is unfortunately 
obliterated. The northern boundary is 
the highway, or, as it is called in another 
document, “the royal highway.” (It is 
interesting to notice such a very ancient 





| boundary. 


Builder, and this latter person is the 
owner also of the land on the southern 
The eastern side and the 
upper portion adjoin the lands of Nabu- 
sar-ibni, and another portion adjoins the 
lands of Kasiya, the son of Dibzir, the 
son of Pitu-sar-babi. It would seem 
strange for a modern surveyor to mark 
upon his plan, not only the name of his 
client’s neighbors, but those of ther 
fathers and grandfathers, yet this prac- 
tice has revealed to us the fact that the 
ancient Babylonian “Chief Builder,” or 
architect, was a person of some conse- 
quence, who left lands behind him, and 
grandchildren to be proud of their de- 
scent from him; and not the serf, or ser- 
vant, which he was mistakenly represent- 
ed to be in one famous modern picture. 

As an example of the system of men- 
suration, and curious method of computa- 
tion of the area, which was according to 
the amount of corn seed required to sow 
it, we make the following extract from a 
tablet dated in the third year of Naboni- 
dus, king of Babylon : 


1. 949 cubits on the upper side towards the 
west a boundary is fixed. 
By [the land of] Nabu-sum-utsir, the giver 
of the field. 
3. 949 cubits on the lower side towards the 
east the boundary is fixed by the land of 
Nabu-sar-ibni, son of Marducu. 


9 
we 


1 ¢ |4. 40 cubits the upper headland, a boundary 
cubits, or fractions of cubits, most care- | 


line is fixed by the king’s highway on the 
bank of the canal of Banituv. 

5 40 cubits the lower headland, a boundary is 
fixed by the other portion of the field. 

. For this field, and this portion, five meas- 
ures of corn seed. A field with the wells 
attached. 

7. A valuation of 5 epha., 8 measures of corn 
seed. 


This is the first measurement. 


This represents the measurement and 
sowing area of the first portion of the 
land sold in the tablet. A second por- 
tion which joins on to the southern 
border, is also computed by a similar ar- 
rangement. A simmary of the two re- 
sults is given, and the price in silver, ac- 
cording to the market value of corn, is 
computed and entered as the price of the 
land. A guarantee of about one-tenth 
per cent. is required and given as security 
for the fulfilment of the clauses of the 
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deed. The names of seven witnesses 
who attest the deed, by affixing their 
nail-marks, and the scribes, who append 
their seals, testify to the legal character 
of the document. 

Such was the legal procedure in the 
conveyance of land 2,500 years ago in 


ancient Babylonia. How little it differs 
from the legal acts and deeds which are 
daily transacted in our modern Babylon 
of London, and in this Great Britain 
which has just assumed new responsibili- 
ties in relation to the old country whence 
these antiquities have been exhumed ! 








APPARATUS FOR DETERMINING THE RESISTANCE OFFERED 
TO SHIPS BY EXPERIMENTS ON THEIR MODELS. 
By A. LETTIERI. 
From “ Rivista marittima,” Abstracts published by the Institution of Civil Engineers. 


Tuis is an apparatus for experimenting 
on the resistance offered tothe models of 
ships. The inventor considers that the 
determination of the resistance encount- 
ered by a vessel moving at different 
velocities in still water is a most import- 
ant question, which has been solved by 
Mr. Srenia. The law which this gentle- 
man has formulated, by which to de- 


mensions are given), which revolves on 
a fixed axis. The upper part of this 
axis sustains a pulley, and a second pul- 
ley is fixed beneath the cylinder, with a 
small drum on its axis. line attached 
to the drum passes over the upper pul- 
ley, and sustains a scale pan, to which 
is fixed a pencil, the point of which 
presses against the cylinder. The model 





duce the resistances met by a vessel | is attached by a line to the lower pulley, 
from those encountered by its model,|so that the descent of the weight cor- 


Signor Lettieri considers to have been| responds to the movement of the model 
eng | verified by the experiments made | through the water; while the weight it- 


by Mr. Froude on the “Greyhound” and | self is a measure of the resistance. 
its model. | Movement is given to the vertical cylin- 

The further prosecution of similar ex-|der by means of a pair of conically 
periments Signor Lettieri thinks useful, | toothed wheels, one of which is attached 
or even necessary, with the view of as-|to the cylinder itself. The motion of 
certaining, before the launch of a vessel, the latter being thus made uniform, and 
the curve of the resistance that it will its velocity known, the curve traced on 
encounter with different loads and dis-| it by the pencil will indicate the relation 
placements. Being unacquainted with | between the movement of the model and 
the apparatus used by Mr, Froude, Sig-| that of the cylinder, and will form a 
nor Lettieri has invented one of his own, | regular spiral when both movements are 
the description of which he illustrates| uniform. The remainder of the Paper is 


with a drawing. 
In experiments of this nature the ele- 
ments to be determined are two: the 


uniform velocity, and the resistance en-| 


countered at that velocity. The first of 
these is obtained by the measurement of 
the space passed through in a unit of 
time. It is, therefore, desirable to have 
an apparatus which slfall graphically de- 
note this velocity by a curve, and refer 
it to a measure of the resistance. 


To effect this, Signor Lettieri has de- 


signed a vertical cylinder (the drawing 
shows the length to be fourteen times 
the diameter, but neither scale nor di- 


occupied by an algebraical investigation 
| of the curves thus to be obtained, and by 
|the relation between the weight placed 
'in the scale pan, and the resistance en- 
|countered by the model in its passage 
| through the water. 

————_ +<>>e —____ 

Firry sailors were placed in one of Mr. 
Berthon’s twenty-eight feet collapsing 
boats at Portsmouth, tor the purpose of 
testing it. The sea was very lumpy, but 
the boat, which is capable of carrying 
eighty men, behaved perfectly to the 
satisfaction of those under whose super- 
intendence the trial was made. 
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MECHANICAL CONVERSION OF MOTION. 


By GEORGE BRUCE HALSTED. 
Contributed to Van NosTRaNbD’s MaGaZINeE. 
|He did not, however, seem fully to 


appreciate the importance of what he 
had done; nor did his discovery catch 


CAUSE AND DESIGN OF THIS PAPER. 


By mathematicians in the last four| 
years has been created a branch of their | 


science, which is so practical that it) 
seems as if its results need only to be 
put before mechanicians in order to 
produce very important applications. 
The fact that these results have been, 
and could have been, attained only by 
mathematicians, has tended, we fear, to 
frighten away practical men from a sub- 


ject, of which a great part is capable of | 
being so simply put as to furnish at once | 
a new and beautiful weapon in the field | 


of mechanical contrivance. This should 
be of especial interest in America, the 
land of practical applications ; and so 
we have attempted to bring here into 
connection the new achievements with 
some of the old ones they seem suited to 
supersede, confidently leaving the rest to 
that sharp-sighted ingenuity for which 


our land is famous. 
HISTORICAL INTRODUCTION. 


No way is perhaps better fitted to 


pleasantly awaken interest than the pre- | 


fixing of a slight historical sketch of a 
chapter of progress, which seems to 
furnish a very beautiful example of how 
the torch of science is passed from hand 
to hand, from land to land. 

It does not need an expert to appre- 
ciate the theoretical interest and practi- 
cal importance of being able to draw a 
straight line, or convert a straight thrust 
into circular motion, and vice versa ; yet 


perhaps one not acquainted with the! 
subject will feel sbmewhat incredulous, | 


when told that this was never accurately 
accomplished before the year 1864, when 
a method of doing it exactly was dis- 
covered by M. Peaucellier, then an officer 
in the French army. This method we 
intend to present and explain; but 
meanwhile we will trace briefly its 
history and progress. 


FIRST ISOLATED FACT, 


He first announced it in general terms, 
in the form of a question in the “ Nou- 
velles Annales de Mathematiques,” 1864. 

Vor. XIX.—No. 5—28 


the attention of any one prepared to see 
| its value, so it fell into oblivion for six 
| years, 

| Yet there was at this very time a great 
| mathematician, Dr. Tchebicheff, in Rus- 
|sia, working on this very question, and, 
in fact, trying to prove the impossibility 
of the exact conversion of circular into 
rectilinear motion. 

| Now, it would be interesting to inves- 
tigate how it came about, that in 1870, 
only six years after its first discovery, 
this wonderful conversion was re-dis- 
covered just in the right place, that is, in 
Russia, by one of Tchebicheff’s own 
students, named Lipkine. 

| His professor obtained for this fortu- 
‘nate youth a substantial reward from 
|the Russian Government; and this has 
|since stirred up that most conservative 
| body, the Institute of France, to confer 
its great mechanical prize, the “ Prix 
Montyon,” on Peaucellier, who gave, in 
1873, a detailed exposition of his discov- 
ery, in the same journal which had 
published his first intimation nine years 
before. 

Meanwhile Lipkine had presented the 
theory and description of his apparatus 
to the Academy of St. Petersburg in 
1871, and exhibited a model of it at the 
Vienna Exposition in 1873. 


THROUGH RUSSIA TO ENGLAND. 


Some months after, Dr. Tchebicheff 
happened to visit England, and there 
Prof. Sylvester asked him about the 
progress of his proof of the impossibility 
of the exact conversion of circular into 
rectilinear motion. Tchebicheff answered 
that, far from being impossible, it had 
actually been accomplished, first in 
France, and subsequently by a student 
in his own class. He then made a rough 
diagram of the instrument, which con- 
sists of seven links. Shortly after this 
interview, Dr. Garcia, the eminent 
musician, and inventor of the laryngo- 
scope, happened to visit Prof. Sylvester, 
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and being shown the drawing, brought 
under his cloak next morning to the 
Professor a model, constructed with 
pieces of wood fastened together with 
nails as pivots, which, rough as it was, 
worked admirably, and drew forth the 
most lively expressions of admiration 
from some of the most distinguished 
members of the Philosophical Club of 
the Royal Society. 

Soon after, Prof. Sylvester exhibited 
the same model in the hall of the 
Athenzum Club to his friend Sir Wm. 
Thomson, “who nursed it as if it had 
been his own child; and when a motion 
was made to relieve him of it, replied, 
‘No! Ihave not had nearly enough of 
it: it is the most beautiful thing I have 
ever seen in my life.’” 

THE DEVELOPED THEORY. 


Prof. Sylvester’s appreciation carried 
itself over from admiration to accom- 
plishment. He changed what seemed 
an isolated fact into a grand theory. He 
proved that every possible algebraical 
curve may be described by link-work. 
In a lecture before the Royal Institution 
he stated that we are able to bring about 
any mathematical relation that may be 
desired between the distances of two of 
the poles of a linkage from a third, and 
are thus potentially in possession of a 
universal calculating machine. 

He exhibited and worked a cubic-root- 
extracting machine constructed on this 
principle, and claimed to have given the 
first really practical solution of the 
famous problem proposed by the 
ancients, of the duplication or multipli- 
cation of the cube. 

Fired by this lecture, two young 
Englishmen, graduates of Cambridge, 
Mr. H. Hart and Mr. A. B. Kempe, took 
up the subject, and have been carrying 
it on with brilliant success. 

SOME RESULTS. 

But now, perhaps, the reader begins to 
fear that our promise of simplicity was 
deceptive, and the subject must be too 
complex and difficult for a practical 
man. 

This is very true in regard to its 
purely mathematical side;* but it is 
surprising how easily many of the results 





* For the literature of the subject, see the complete list 
given in my article ‘‘ Historical Sketch of Exact Rectili- 
near Motion,” Van Nostrand’s Mag., Jan., 1878, 











can be stated and explained to a person 
even entirely ignorant of mathematics, 
that dreaded science. 

In addition to its theoretic interest, 
the direct importance of one of its appli- 
cations is recognized when we consider, 
that in many machines and pieces of 
scientific apparatus, it is requisite that 
some point or points should move accu- 
rately in a straight line with as little 
friction as possible. If we are forced to 
use as guides planes ground smooth, the 
wear and tear produced by the friction 
of sliding surfaces, and the deformation 
produced by changes of temperature 
and varying strains, render it of real con- 
sequence to obtain, if possible, some more 
accurate and easy method which shall 
not involve these objectionable features. 

As long ago as 1784, James Watt 
made an attempt, which was _ thus 
described by himself in the specification 
of a patent: “My second new improve- 
ment on the steam-engines consists in 
methods of directing the piston-rods, 
the pump-rods, and other parts of these 
engines, so as to move in perpendicular 
or other straight or right lines, without 
using the great chains and arches com- 
monly fixed to the working beams of the 
engine for that purpose; and so as to 
enable the engine to act on the working 
beams or great levers, both by pushing 
and by drawing, or both, in the ascent 
or descent of their pistons. . . The prin- 
ciple on which I derive a perpendicular 
or right-lined motion from a circular or 
angular motion, consists in forming 
certain combinations of levers moving 
upon centers, wherein the deviations 
from straight lines of the moving end of 
some of these levers are compensated by 
similar deviations, but in opposite direc- 
tions, of one end of other levers.” 
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AB is the working beam of the engine; 
PQ the piston-rod or pump-rod, attached 
at P to the rod BD, which connects AB 
and another bar, CD, movable about a 
center at C. 

“When the working beam is put in 
motion, the point B describes an are on 
the center A, and the point D describes 
an are on the center C; and the convex- 
ities of these arcs, lying in opposite 
directions, compensate for each other’s 
variation from a straight line; so that 
the point P, at the top of the piston-rod 
or pump-rod which lies between these 
convexities, ascends and descends in a 
perpendicular or straight line.” 

This would be most admirable if it 
were only true. In reality, the path of 
P lies on a figure 8, no part of which is 
straight; and it has been demonstrated 
that no combination of less than five 
links can enable us to get an accurate 
straight line, however short; while 
here, as we see, there are only three 
links, namely, AB, BD, DC, 

The imperfection of Watt’s movement 
led to other ‘three-bar attempts and 
closer approximations; but with three 
bars it can never be solved. Still, if the 
swing of the beam of an engine be kept 
comparatively very small, the error will 
not be great; and so this Watt’s Parallel 
Motion can be used, and we think still is 
used in the majority of English beam- 
engines, instead of the guides more 
usually employed in this country. That 
the guides can, however, thus continue 
successfully to compete with it, seems to 
us to depend upon the fact that it is 
necessarily inaccurate; and we see no 
reason why both should not be super- 
seded by an application of one of the 
perfect rectilinear motions we desire to 
present. 


FIRST ACCURATE SOLUTION, 


The first accurate solution, as we have 
seen, was that of M. Peaucellier, in 
which seven links are used. 

It consists of a rhombus composed of 
four equal links movably jointed at 
BCDE, and two other links movably 
pivoted at the fixed point A and at two 
opposite extremities BC of the rhombus. 
Take now an extra link FD, and pivot 
it to a fixed point whose distance from 
the first fixed point A is equal to the 
length of the extra link, whose other 





end is then pivoted to one of the free 
angles D of the rhombus. The opposite 
point E will now accurately describe a 
straight line, however the linkage be 
pushed or moved. The points B and C 
move in circles with radius AB, and the 
point D moves in a circle with radius 
FD, while E unvaryingly describes an 
absolutely accurate straight line perpen- 
dicular to a line joining A and F. So if 
we have our power in the form of the 
straight push of a piston, we have only to 
apply the end of the piston at E to have 
this straight push turned into circular 
motion at either of the other points we 
choose, and this too without the slight- 
est tendency to side motion or wobbling, 
and consequently without any need of 
guides and their consequent friction and 
disadvantages. Again, if we have our 
power in the form of a circular motion 
and wish to transfer it to straight push 
or pull—for instance, to work a pump— 
we need only apply the circular motion at 
B, D, or C, to get perfect rectilinear 
motion at FE. 


PROOF OF ITS PERFECT ACCURACY. 


All this may be rigidly proved by a 
little plane geometry as follows: 

‘The angle ADR being always the 
angle in a semicircle, is always a right 
angle, and therefore the triangles ADR 
and AME having the angle at A com- 
mon and the angles ADR AME equal, 
both being right angles, have conse- 
quently their third angles ARD AEM 
equal, and the triangles are similar. 
Therefore AD : AR:: AM: AE. There- 
fore AD. AE=AR.AM, moreover D 
may be on the circle. 
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But AR and AM once taken are 
constant, and their product AR.AM is a 
constant; so in order to devise a linkage 
such that when one of its points D is 
moved around in a circle, another of its 
points shall always remain on the identi- 
cal chosen line EM, and shall conse- 
quently accurately describe that line, we 
must be able to discover such a linkage 
that however it may be moved, the 
product of the variable distances AD 
and AE shall always be exactly equal to 
the constant known product AR.AM, 
while in addition the movable point D 
always remains on the variable straight 
line AE. Now see how beautifully our 
linkage answers these difficult require- 
ments and gives us the long-desired 
solution. On DE, the part of the line 
ADE which is exterior to the circle, 
construct, using DE as diagonal, any 
equilateral rhombus, as for instance 
BDCE, of four links jointed together so 
as to move easily. Pivot to B and C 
the two equal links AB, AC. Now from 
the symmetry of this linkage, however it 
be moved on its joints, the points A, D,E 
always are in a straight line, and the 
radius FD keeps the point D always on 
the given circle. Drop the perpendicular 
BN, and we always have DN=NE. 


Now AB’=AN’+ BN?’ 
BE’=EN’*+ BN’; 
therefore subtracting, 
AB’—BE*=AN*—EN’=(AN+NE). 
(AN—NE)=AE.AD, 








and since the bars AB and BE once 
made are of constant length, therefore 
the product AE.AD is constant, however 
much the distances AE and AD may 
vary individually as D is carried around 
the circle. Thus our desires are accom- 
plished, and we have a machine for 
drawing straight lines, or turning circu- 
lar into rectilinear motion, and vice 
versa. 


A SUCCESSFUL APPLICATION, 


Although this motion seems as yet 
almost entirely unknown to ordinary 
mechanicicans, yet it has been already 
applied in a beautiful manner to the 
air-engines which are employed to ven- 
tilate the Houses of Parliament in 
England. 

‘Lhe ease of working and absence of 
friction and noise are said to be very 
remarkable. Even the workmen there 
never tire of admiring their graceful and 
silent action. The engines were con- 
structed and the Peaucellier apparatus 
adapted to them by Mr. Prim, the 
engineer to the Houses, of whom Prof. 
Sylvester tells the story that, conversing 
with him one day, just before the first 


engine was to be made, the Professor 
happened to mention that he supposed, 
of course, Mr. Prim knew that the point 
A need not be outside the rhombus but 
might be taken inside it, and the two 
equal bars thus made very compact. 
“Why ! you don’t mean to say so!” cried 


Mr. Prim. “Is it possible? Why then I 
can work it all from below, and won’t 
have to knock a hole in the roof, as I 
thought I’d have to.” 

Prof. Sylvester gives this as an illus- 
tration of how an engineer of exception- 
ally good capacity will not see things 
which, to a mathematician appear 
perfectly obvious. 


D 











MECHANICAL CONVERSION OF MOTION. 437 





The form mentioned is given in the| distances between the pivots in the same 
adjoining figure, where A and F are the! proportion, those points will always 
fixed points and DF the extra link, the | remain in a straight line and possess the 
lettering of the two previous figures| peculiar property just adverted to, so 
being retained. Omitting the extra link,|that the product AD. AE is constant. 
this is called the negative Peaucellier|So also is OE.OD, and also AD.DO and 


cell, the one first given being called the | 
positive cell. 
| 


ANOTHER APPLICATION, } 


Mr. Penrose, the eminent architect to! 
St. Paul’s Cathedral, has put up a house- 
pump worked by a negative Peaucellier 
cell, to the great wonderment of the 
plumber employed, who could hardly 
believe his senses when he saw the sling 
attached to the piston-rod moving in a! 
true vertical line, instead of wobbling, | 
as usual, from side to side. A sister 
pump of the ordinary construction 
stands beside it, but the former, 
although quite as compact as its neigh- 
bor, throws up a considerably larger 
head of water with the same sweep of 
the handle. Its elegance and the friction- 
less ease with which it can be worked 
(beauty, as usual, the stamp and seal of 


| 


AE.EO. So we see immediately that 
we may employ Hart’s cell of only four 
bars exactly as we employed Peaucellier’s 


|of six bars, and by fixing one of the 


points as A, and pivoting our extra link 
to another as D, we can get straight line 
motion with only five bars, which is the 
least number possible, as has been abso- 
lutely demonstrated. 


THE QUADRUPLANE. 


A beautiful and important extension 
of this discovery was made at the same 
time by Prof. Sylvester and Mr. Kempe. 
Prof. Sylvester has given quite an 
elaborate description of it, but 1 use Mr. 
Kempe’s own words as being simpler. 
“Tf we take the contra-parallelogram of 
Mr. Hart and bend the links at the four 
points which lie on the same straight 
line, through the same angle, the four 


|points, instead of lying in the same 
| straight line, will lie at the four angular 
points of a parallelogram of constant 
ungles—two the angle that the bars are 


perfection) have made it the pet of the 
household, 


| 
RECIPROCATING PROPERTY. OF CELL. | 


Now to return to our cell, we see that | bent through and the other two its 
its peculiar power depends on the fact | supplement—and of constant area, so 


that, however it be deformed, the that the product of two adjacent sides is 
product of the varying lengths AD, AE, | constant.” ; 

always remains constant. If when these| If we keep the lettering of the last 
points coincide, the distances AE and_| figure, take the holes or points in the 
AD be taken equal to one foot and then| middle of the links and bend them 
the cell be moved again, when AD takes | through a right angle as the simplest, 
respectively the lengths 1, 3, 4, 4, &c., | we have the figure here given. The four 
then AE will be found to assume the! holes now lie at the four corners of a 
lengths 1, 14, 2, 3, &c., showing that the|right-angled _ parallelogram, and the 
length of one is so governed by the| product of any two adjacent sides, as 
length of the other that their product | AD.AE, is constant. 

must remain constant. 





Now Mr. Hart found that if he took 
four bars and made a linkage in which | 
the adjacent sides are unequal and two) 
cross as in the figure, and then took four 
points on the four links dividing the! 
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It follows that if A be fixed and D 
pivoted to the extremity of the extra 
link, whose other extremity is always 
pivoted to a point equidistant from A 
and [D, the point E will describe a 
straight line differing in direction from 
the line it described before the bending 
by precisely the same angle the bars 
have been bent through, in this chosen 
case by a right angle. 

By looking at the figure it is seen that 
the apparatus, which for simplicity has 
been described as formed of four straight 
links which are afterwards bent, is really 
formed of four plane pieces on which 
appropriate points are chosen. This is 
why it is called the “ Quadruplane ” by 
Prof. Sylvester, who says: “The quad- 
ruplane gives the most general and 
available solution of the problem of exact 
parallel motion that has been discovered, 
or that can exist. I say the most avail- 
able, for it is evident, in general, that 
piece-work must possess the advantage 
of greater firmness and steadiness, from 
the more equal distribution of its strains, 
over ordinary link-work.” 


THE PLAGIOGRAPH,. 


From the ordinary pantagraph familiar 
to mechanicians, on application of this 
same idea, namely, turning two of its 
links into pieces or planes, gives a beau- 
tiful extension of it, called by Prof. Syl- 
vester, its inventor, the Plagiograph. 
“Like the pantagraph, it will enlarge or 
reduce figures; but it will do more, it 
will turn them through any required 
angle.” Thus the Plagiograph enables 
us to apply the principle of angular 
_ repetition (as, for instance, in making an 
ellipse with dimensions either fixed or 
varying it will, successively turn its axis 
to all points of the compass), to produce 
designs of complicated and captivating 
symmetry from any simple pattern or 
natural form, such as a flower or sprig. 
This should be found to place a new and 
powerful implement in the hand of the 
pattern-designer and architectural decor- 
ator. 

ANOTHER IMPORTANT USE. 


Finally, we have seen that in using a 
linkage to draw a straight line, the dis- 
tance between the fixed pivots must 
always be the same as the length of the 
extra link. Now if this distance is not 
the same, the pencil-point describes, not 





straight lines, but circles. If the differ- 
ence be slight, the circles described will 
be of enormous magnitude, decreasing 
in size as the difference increases. This 
property is of very high importance in, 
in the mechanical arts for describing 
circles of large radius. Prof. Sylvester 
cites as example some circular steps out- 
side St. Paul’s Cathedral, which requiring 
repair, Mr. Penrose employed a Peau- 
cellier cell to cut out templets in zine for 
the purpose. The radius of the steps is 
about 40 feet; but to the great comfort 
and delectation of his clerk of the works, 
they were able to operate with a radius 
of not more than 6 or 7 feet in length. 

These are but the simplest of the 
innumerable applications contained in, 
and immediately suggested by, the new 
science of linkage. Only let the practi- 
cal mechanician begin to make for him- 
self models of those here described, and 
we guarantee him a rich harvest of 
unlooked for results. 

In the words of its founder, “I feel a 
strong persuasion that when the inertia 
of our operative classes shall have been 
overcome, this application will prove to 
be but the signal, the first stroke of the 
tocsin, of an entire revolution to be 
wrought in every branch of construction.” 

————— 9 e———— 

Ir is well for those who manufacture 
articles liable to decomposition to know 
that glycerine has the power of arresting 
fermentation to a remarkable degree. It 
is stated in the Chemical Journal that 
glycerine retards both lactic and alco- 
holic fermentations. One-fifth of glycer- 
ine added to milk at a temperature of 
15 deg. to 20 deg. C. prevents it from 
turning sour for eight or ten days. One- 
half or one-third of glycerine, at the 
same temperature, retarded the fermenta- 
tion of milk for six or seven weeks. At 
higher temperatures larger quantities are 
needed ‘to produce the same results. The 
formation of hydrocyanic acid from 
amygdaline and emulsine is also retarded 
by glycerine. It becomes thus very ser- 
viceable in preventing the spoiling of 
various lotions. For this reason it is 
not unusual to add asmall quantity to 
the preparation known as milk of roses, 
and also to almond paste. With regard 
to cosmetics, generally, the use of glycer- 
ine in small quantities may be recom- 
mended. 
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ON AERONAUTICS. 


By RICHARD GERNER, M. E. 


Written for Van. NostRaNb’s ENGINEERING MAGAZINE. 


Lone before the locomotive and the 
steamship were thought of, man cast his 
eyes longingly over the vast expanse of 
atmosphere above him, and _ thirsted 
after the simple ability which a bird ac- 
quires so quickly, and which mankind, 
after centuries of study and experiments, 
has not even approximated to. Ovid has 
told us the tale of the feat of Daedalus 
in so natural a manner that we should love 
to think of it asa reality and it drives 
us on to further thought and experiment. 
Archytas is said to have constructed a 
flying dove, but we are sorry to opine 
that this must be classed among the 
legends and traditions rather than the 
facts which have come down to us from 
those days. There is but one possible 
means of rising into and traversing 
through the air faster than a bird, as a 
crusty but not humorless German pro- 
fessor informed us in 1812, and that is 
by means of our thoughts, and this too, 
after having led us through a work of 
600 pages descriptive of aeronautical ex- 
periments and apparatus, which is all 
very fine but hardly satisfactory. 

Since then, as many years have passed 
away as there are elements, and we are 
to this day as unable to go to China by 
any other means than land or sea as we 
were then. But is it really true that 
this sixty-five years long study and re- 
search has been to no purpose? Have 
we not even a clew towards the desired 
purpose to be effected ? 

Let us see what has been done in all 
this time; how the difficulties of the 


with the idea that the art and science 
of ballooning would ultimately and inev- 
itably lead to the solution of the prob- 
lem. That this is not the case, we shall 
learn from an examination of the history, 
construction, principles and results ar- 
rived at by the balloon. 

The Montgolfier Brothers are generally 
and popularly accredited with the in- 
vention of the balloon, and in so far as 
they were the first to construct such a 
thing they are not undeserving of the 
credit. But Prof. Charles, the Parisian 
physicist, invented and constructed a 
hydrogen balloon quite independently of 
them, and this has not been superseded 
to this day, while the hot air balloons of 
the Montgolfiers went out of practice a 
comparatively short time after their in- 
troduction. 

The way the Montgolfiers got at their 
bfilloon, was as follows: At Annonay, 
in Vivarrais, not far distant from the 
very base of the Alps, they owned a 
paper mill, and here they had the daily 
opportunity gf watching the formation of 
the clouds on the mountain slopes and 
then rising into the air. Both were 
scientifically educated; they often con- 
versed over the causes of the flight of 
the clouds, and presently the thought oc- 
curred to them to imitate this natural 
phenomenon. But their experiments 
were a series of sad failures until Priest- 
ley’s work on different classes of air and 
gases fell into their hands, wherein they 
found the possibility of the existence of 
gases, much lighter than air, discussed. 


. | ° ; sar 
problem of aeronautics have been met|It was only a question of enclosing 


and treated, and how far man failed and 
how far he has been successful. 

Primarily, it was desired to produce a 
means of rising into the atmosphere. 
And so far as this is concerned, the 
human mind and ingenuity has experi- 
enced a triumph which will be as lasting 
as it has been successful. 

But, paradoxical as it may seem, this 
success has been the means of delaying 
the progress of the actual science of 
aeronautics to a remarkable degree, as 





such gases in a light envelope, but all 
trials to effect this with paper, failed. 
After many vain experiments, they at 
last, in 1782, arrived at the desired re- 
sult, but curiously enough, on premises 
which were utterly ridiculous, Their 
idea was that one of the principal causes 
why clouds arise in the air and there re- 
main at rest, or are wafted about with- 
out falling to the earth, is electricity. 
Accordingly, they sought the production 
of a gas gifted with electric, properties, 


the popalar mind has become engrafted'and this production they thought to 
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effect by mixing gas of alkaline proper- 
ties with non-alkaline. To this end, 


| mysterious electric gas he didn’t lose 
‘any time, but applied himself with 


they burned straw and an organic sub-| energy to the feasibility of the employ- 
stance, like wool, which was to produce|ment of hydrogen for the filling of the 


the alkaline gases, under a square paper 
balloon of about forty cubic feet capacity, 
and to their delight, the balloon arose to 
the ceiling of the room. That it was 
simply the heating of the air in the 
balloon which effected its rising they 
hadn’t the slightest idea. Instead, they 
thought to have discovered a new gas 
with remarkable properties and gained 
many followers, until Saussure, in the 
following year, terminated the bitter 
controversy which had arisen, by per- 
forming the simple experiment of in- 
flating a small paper balloon by carefully 
inserting a red hot iron into it, and caus- 
ing it to rise. 

The great desideratum had been ar- 


rived at, and now it only remained to) 


carry the thing into practical execution, 
and accordingly, the Montgolfiers built, 
in the same year, an apparatus of a 
diameter of 38 feet, which weighed 450 
lbs., and carried an additional weight of 
400 lbs., and on the 4th of June, 1788, 
this airship ascended from a_ public 
square in Annonay, to the amazement of 
the entire inhabitants of Vivarrais. The 
balloon was constructed of linen pieces 
simply put together by meafis of buttons 
and buttonholes, lined with paper and 
covered with a string net-work. And on 
a wire gauze under the opening, ten 
»ounds of straw and wool were burned. 
Cotecmnanels, the spectacle only lasted 
ten minutes, the balloon having risen 
1960 feet, and horizontally carried along 
7200 feet. 

The corporation and inhabitants of 
Paris received the news of this exhibition, 
and, as is usual with that capital, went 
wild over it. The Academy of Science 
extended an invitation to the Montgolfiers 
to come and repeat the show. but the 
excitement was too great to await their 


coming, and within a few days, 10,000, 


francs had been subscribed, and Prof. 
Charles, the favorite physical scientist of 
the day, an energetic young man, was 
commissioned to spend this money in 
preparing a balloon sensation for the ex- 
cited Parisians. 

But Prof. Charles didn’t treat the mat- 
ter in the light of a public amusement. 
In speculations over the Montgolfiers’ 


‘balloon. Hydrogen was but little known 
‘then, and the idea of operating with 
something like 1000 cubic feet of this 
dangerous gas, was an appalling one. 
‘However, Charles went to work fearless- 
ly and with a will, and the Robert 
Brothers, who were clever mechanicians, 
filled his order for a balloon constructed 
of fine silk in a short space of time, 
finishing the same Aug. 23, 1783. This 
huge bubble was filled, on plans entirely 
original, by air of a barrel serving for 
the taking up of the iron and water used 
for the generation of the hydrogen, two 
tubes leading through holes cut into the 
head, one into the interior of the balloon, 
and the other for the introduction of the 
sulphuric acid. This rude apparatus 
‘brought up many difficulties, which 
threatened the failure of the undertaking. 
The heat generated by the action of the 
acid upon the iron, converted a large 
amount of water into steam, whieh en- 


tered the balloon with the gas and there 


condensed. Then, also, sulphureted 
hydrogen, finding an entrance into the 
balloon, and dissolving in the water 
formed on the interior of the envelope, 
might prove fatal in attacking the light 
fabric. It was necessary, furthermore, 
to direct streams of water on the balloon 
to cool it off. It took four days to fill a 
space of 943 cubic feet about two-thirds 
full, and 1000 pounds of iron and 500 of 
sulphuric acid, to produce the 35.75 of 
hydrogen necessary. But of this 31.75 
were lost. 

On the 27th of August, at 5 P.M., 
this balloon arose over the heads of 
300,000 spectators assembled in the pour. 
ing rain on the Champ de Mars. It 
maintained a respectable height for 
about three quarters of an hour and then 
fell to the ground at Econe, containing a 
huge rent, owing to Robert having in- 
flated it too much; and in the upper 
regions, where the air is lighter, the gas 
in the balloon of course expanded and 
burst its flimsy shell. This balloon 
was greeted by the peasants as a huge 
monster and hunted to death with pitch- 
forks and fire-arms amidst the wildest 
excitement. 

Whence we see that Prof. Charles is 
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quite as much entitled to the honor of 
the invention of the balloon as the Mont- 
golfier Brothers are. 

On the Ist of December, 1783, he and 
Robert made an ascent, and he was 
the second human being that had ever 
risen above the level of the highest peaks 
on earth. The first was Pilatre de 
Rozier, on the 21st of November, but as 
Charles had published his intent already 
on the 28th of September, before Rozier 
had thought of so doing, we must also 
give him some credit herein. Rozier’s 
ascent was made in a clumsy balloon, 63 
feet high, of a diameter of 51 feet, and 
was of Montgolfier’s manufacture. He 
met with his death, the penalty of his 
aeronautical intrepidity in 1785; the first 
victim of the balloon. Charles’ balloon 
had had a capacity of 9200 cubic feet, 
and had been 26 feet in diameter. 
Assuming its filling at 6000 cubic feet, 
the gas weighs 64.5 lbs., taking the 
moisture into consideration, while 6000 
cubic feet of air weigh 516 lbs. The 
difference is, therefore, 451.5 lbs. As 


much less than this figure which the 
balloon, with all its accompanying para- 
phanalia, weighs, so much will it be 
capable of carrying into the bargain. 


Had the same balloon been filled with il- 
luminating gas, this difference would 
have been 387 Ibs. 

Europe now began to indulge in the 
wildest speculations, which ended, un- 
happily, for the time being, in smoke. 
The excitement passed over like so many 
others had done before them and will do 
after them; many had lost their fortunes 
and peace of mind in the pursuit of the 
subject, and a clever few had become 
millionaires. 

Since then, the art, if not the science, 
of ballooning has become greatly ex- 
tended, and over 10,000 ascents have 
been made, of which the celebrated 
English balloonist, Greene, towards the 
end of the year 1849, completed 365. Of 
1500 aeronants, but 12 have met with an 
untimely death. 

The ascent which Gay-Lussac made in 
1804 was the most remarkable for the 
facts with which it has enriched science, 
and for the immense height of 23,000 
feet above the level of the sea which he 
attained. At this height, the barometer 
descended to 12.6 inches, and the ther- 
mometer, which was 1° C. on the ground, 


l 

'was 9° below zero. In these regions, 
the dryness was such on the day of Gay- 
|Lussac’s ascent, that hygrometric sub- 
stances, such as paper, parchment, &c., 
became dried and crumpled as if they 
had been placed near the fire. The 
respiration and circulation of the blood 
were accelerated in consequence of the 
great rarefaction of the air. Gay-Lus- 
sac’s pulse made 120 pulsations in a 
minute, instead of the normal number of 
63. At this great height, the sky had a 
very dark blue tint, and an absolute 
silence prevailed. Rozier before him 
had also made ascents for scientific pur- 
poses, but with no recordworthy results. 

One of the most remarkable of ascents 
was made by Mr. Glaisher and Mr. 
Corewell, Sept. 5, 1861, in a large balloon 
belonging to the latter. This was filled 
with 90,000 cubic feet of coal gas, the 
weight of the load being 600 lbs. After 
1 hour and 28 minutes, they had reached 
a height of 15,750 feet, and in eleven 
minutes after, a height of 21,000 feet, 
the temperature being 10.4° C. below 
zero; another eleven minutes, and they 
were 26,200 feet high, with the thermo- 
meter at 15.2° C. below zero; still an- 
other two minutes, and the height at- 
tained was 29,000 feet, and the tempera- 
ture 16° C. below zero. At this height, 
|the rarefaction of the air was so great, 
and the cold so intense that Mr. Glaisher 
fainted, and could no longer observe. 
According to an approximate estimation, 
the lowest barometric height they at- 
tained was 7 inches, which would cor- 
respond to an elevation of 36,000 to 
37,000 feet. 

We have seen that the use of hot air 
has given way to that of hydrogen, and 
the latter, in many cases, to that of coal 
gas, which is preferred on account of its 
being cheaper and more easily obtained. 
A balloon of the ordinary dimensions, 
which can carry three persons, is about 
16 yards high, 12 yards in diameter, and 
its volume about 680 cubic yards; with 
its accessories, it weighs about 300 lbs., 
and alone, about twothirds of that 
amount. The gas is passed into the 
balloon from the reservoir by means of 
a flexible tube. The balloon mu&gt not 
be filled quite full, as the atmospheric 
pressure diminishes as it rises, and the 
gas inside expanding in consequence of 
its elastic force, tends to burst it, as it 
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did in the case of Charles’ first balloon. | subject, not a year passes by without 
It is sufficient for the ascent if the adding to the literature already at hand, 
weight of the displaced air exceeds that fortunes have been spent in the construc- 
of the balloon by 8 or 10 lbs. tion of designs and the carrying out of 

The rising and falling of the balloon | vague experiments, and that same Champ 
is easy enough, and if it had not been|de Mars which witnessed the ascent of 
long proved by direct experiment, Jules- the first hydrogen balloon, has since 
Verne has done it for us to our complete | witnessed countless failures, and on 
theoretical satisfaction in his interesting| every one of these occasions, the un- 
work entitled “ Five Weeks in a Balloon.”| happy apparatus has been ruthlessly 

The aeronaut can tell whether he is| destroyed by the mob to satiate its dis- 
ascending or descending, either by the| appointment. There was Jacob Degen, a 
barometer or by a long streamer attach-| Viennese horologist, who, in 1812, re- 
ed to the car. The ascent is effected by | ceived a good licking at the hands of a 
throwing out the ballast of sand bags as | crowd for the failure of his plan; and 
the occasion requires, and the descent, | then there was Lennox, who, in 1834, ex- 
by the opening of the safety valve on|hibited his notorious air-ship, the 
the top of the balloon which allows part | “ Eagle,” 160 feet high by 48 broad, by 
of the gas to escape. In so doing, the | 63 feet long, capable of carrying 17 per- 
aeronaut must bear in mind that he is| sons, in Paris, which was broken into a 
sustaining an irreparable loss, and be) thousand pieces by the infuriated specta- 
careful how he expends the precious|tors. And still we are bid not to des- 
means. | pair. 

As far as the horizontal motion of the| The trouble has been that the pro- 


balloon is#concerned, that is beyond the | jectors of these flying machines have en- 
power or desirability of the aeronaut;|tirely ignored the voice of science; as 
he becomes the plaything of the winds, | soon as an idea would strike them, with- 
attaining a velocity of from 66.66 to 116.| out stopping to enquire into its theoreti- 
66 feet per second. Garnerin and Capt. 


cal correctness, they would immediately 
Sowdon, in 1802, on their trip from Lon- | plunge into the execution of their im- 
don to Colchester, in one hour completed | provable schemes without a moment’s 
17.5 geographical miles, and Robertson, deliberation, and the necessary result 
at Hamburg, about ten. The colossal! was failure. 

balloon, which, decorated with 3000; The balloon has long been abandoned 
colored lamps and a richly gilded crown, | by scientific men as the foundation to 
was liberated from the Place Notre/ the solution of the knotty problem. The 


Dame de Paris, in Paris, at 11 P.M.,! 
Dee. 4, 1804, in honor of the crowning of | 
Napoleon, hovered over Rome at day-| 
break. Who will bridle such a velocity ? 

The only practical application which 
the balloon has experienced is in military | 
reconnoitering, and this has been effect- | 
ed with great success at the battle of | 
Fleurus, in 1794, at Solferino and more 
lately in the Franco-Prussian war. 

And that is what has been done in 65 | 
years, as far as the art and science of | 
ballooning proper is concerned. 

In addition, however, much more has. 
been done, and as nearly much more to| 
no purpose. The wildest and most im-| 
probable propositions have been ad-| 
vanced, and many have attempted to put 
these into practical operation. The diffi- 
culties, both practical and theoretical, | 
are innumerable and overwhelming, | 
whole libraries have been written on the | 


most advanced thinkers have turned 
their thoughts in an opposite direction, 
and have come to regard flying creatures, 
which are all much heavier than atmos- 
pheric air, as the true models for flying 
machines. An old doctrine is more 
readily assailed than uprooted, and, ac- 
cordingly, we find the followers of the 
new faith met by the assertion that in- 


‘sects and birds have large air cavities 


in their interior, that these cavities con- 
tain heated air, and that this heated air, 


|in some mysterious manner, contributes 


to, if it does not actually produce, flight. 
No argument could be more fallacious. 
Many admirable fliers, such as the bats, 
have no air-cells, while many birds, like 
the apteryx, and several animals never 
intended to fly, like the orang-outang, 
and a large number of fishes are pro- 
vided with them. It may, therefore, be 
reasonably concluded that flight is in no 
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way or manner connected with air-cells, 
and the best proof that can be adduced 
is to be found in the fact that it can be 
performed to perfection in their absence. 

According to Dr. I. Bell-Pettigrew, the 
author of the celebrated work on “ Ani- 
mal Locomotion,” and the scientist who 
was among the first of his time to point 
out the road to the true solution of the 
question of aeronautics, there are five 
primary causes on which all attempts 
have hitherto wrecked : 


First.—The extreme difficulty of the 


problem. This very cause has given an 
attractive and fascinating air to the 
problem, and has hitherto prevented its 
calm deliberation. 

Secondly.—The incapacity or theoreti- 
cal tendencies of those who have devoted 
themselves to its elucidation. 
is now happily eliminated, and like the 


first, will cease to come into considera- | 


tion under the earnest application of 


their thought and time of men like Dr. | 
‘uneducated charlatans who have never 


Pettigrew to the subject. 


Thirdly.—The great rapidity with 


which wings, especially insect wings, are 
made to vibrate, and the difficulty ex- 
perienced in analyzing their movements. 

Fourthly.—The great weight of all 


flying things, when compared with a 


corresponding volume of air. This diffi- 
culty will fade more and more as the 
aforementioned one is eliminated by 
patient study. 

Fifthly.—As we have already stated 
in a former part of this paper, the dis- 
covery of the balloon, which has retarded 
the science of aeronautics, by misleading 
men’s minds and causing them to look 
for a solution of the problem in the em- 
ployment of a machine lighter than the 
air, and which has no analogue in nature. 
But it should be remembered, before con- 
demning this circumstance as a difficulty, 
that the tendency of the new faith may 
be as erroneous in the end as that of the 
balloon, and that we have not lost so 
much after all, by wasting our time on 
the balloon in seeking for our solution, 
as we have thereby eliminated a factor 
from our equation, so to speak, which 
might have given us no little difficulty in 
the prosecution of so interesting, import- 
ant and so complex a subject. 

It should also be remembered that past 
experience has taught us that the genius 
of the inventor has been quite as im- 


This cause | 


' still 


portant an element in the engineering in- 
stitutions of the past as the research of 
the scientist, but, of course, the former is 
dependent jin a great degree upon the 
latter, and as the scope of that research 
progresses and enlarges, so do the in- 
ventor’s genius open new avenues of 
probable success. It is surprising how 
much the happy thoughts of the illiterate 
have contributed towards the progress of 
engineering and industry. 

So we find that if we can trust the 
new faith, 7. ¢., the solution of the prob- 
lem by animal flight, that the third 
difficulty aforementioned is the only 
practically remaining one. That we may 
trust in the new faith, such men as Dr. 
Pettigrew heartily and enthusiastically 
assure us, 

The past trouble with the new faith 
was that it has been cultivated, on the 
one hand, by profound thinkers, who 
have never subjected their theories to 
experiments, and, on the other hand, by 


subjected their experiments to scientific 
theory. 

There remain many eminent men who 
advocate the employment of a 
machine specifically lighter than air, 
whom we may style the balloonists; but 
the ideas which they advance have 
mostly been practically executed and 
found to be absurd. They reason that 
the first consideration is to raise the 
flying-machine, as it is to make a ship or 
locomotive go, and that the second con- 
sideration is to control this motion. And 
that is where they are fundamentally 
wrong, as the question cannot be treated 
similarly to locomotion on land and sea; 
and besides, a hundred examples have 
taught us the fallacy of their reasoning. 

We must abandon the balloon alto- 
gether, as we have endeavored to show. 

But the balloonists do not formulate 
the only irrational school; a second 
modern one is that section of the one 
believing that weight is necessary to 
flight, which advocates the employment 
of rigid inclined planes driven forward 
in a straight line, or revolving planes, 
i. €., aerial screws. 

The other section is more rational, and 
most likely the right one trusting for 
elevation and propulsion to the flapping 
of wings. This section may be further 
subdivided into advocates of the vertical 
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flapping of wings, such as Borelli, Marey | 
and others, and advocates of the parti- | 
ally horizontal flapping of wings, such 
as Bell-Pettigrew. The favorite idea of 
the disciples of the inclined plane scheme | 
is the wedging forward of a rigid in-| 
clined plane upon the air. It may be 
made to advance either in a horizontal 
line, or made to rotate in the form of a! 
screw, whence we also have this section 
subdivided, and both divisions have their 
adherents. The one recommends a large 
supporting area extending on either side 
of the weight to be elevated, the surface 
of the supporting area making a very 
slight angle with the horizon, and the 
whole being wedged forward by the ac- 
tion of vertical screw propellers. This 
was the plan suggested by Henson and | 
Stringfellow. The former designed his | 
his xerostat or flying machine, in 1843, and 
the latter, on Wengham’s plan, exhibited 
his design at the Aeronautical Society’s 
Exhibition, held at the Crystal Palace, 
London, in the summer of 1868. These 
formidable and scientific-looking things 
were never coerced into giving an exhi- 
bition of their pretended capacities, and 
it were therefore useless to consider 
them. 

The first to apply the aerial screw to 
the air was Sir George Cayley, who, in 
1796, constructed a small machine con- 
sisting of two corks fastened on either 
end of a vertical spindle, to the lower 
part of which is suitably secured the | 
middle of a whalebone bow. To either 
end of the latter are attached strings | 
which wind about the spindle, and thereby 
stretch the bow. In the corks are inserted 
a number of wing feathers from any 
bird, so as to be slightly inclined, like | 
the sails of a windmill, but in opposite | 
directions in each set. This instrument, | 
after being wound up, readily rises in 
the air. Sir Cayley calculated that if the 
area of the screw was increased to 200 
square feet, and moved by a man, it 
would elevate him. But it appears 
that he never tried it. 

This model was immediately seized 
upon as the basis for a flying machine by 
a great many people. In 1842, Mr.| 
Phillips succeeded in elevating, by means 
of revolving fans ; a model made entirely 
of metal, and which, when complete and | 
charged, weighed two pounds. The fans 
were inclined to the horizon at an angle 


of 20°, and through the arms the steam 
rushed, on the principle discovered by 
Hero, causing the fans to revolve with 
great energy, so much so that the model 
rose to a great altitude, and flew across 
two fields before it alighted. The mo- 
tive power employed in this instance was 
obtained from the combustion of char- 
coal, nitre, and gypsum. This is the 
first machine that steam ever raised into 
the air. 

The French also seized upon the screw 
scheme with avidity, and Nadar, Pontin, 
d’Amecourt and de la Landelle, between 
the years 1853 and 1863, succeeded 
in constructing clockwork models, which 
not only raised themselves into the air, 
but also carried a certain amount of 
freight. 

It will be readily understood that there 
is nothing gained by all these machines, 
and that they are even less efficient than 
the balloon, and much more costly. 
What if you can rise into the air with 
them, and ever so high at that? That 
is not the question; the question of ris- 
ing in the air has been solved by the 
balloon; what we want is direction, and 
not elevation; the aerial screw is no more 


'governable in this regard than is the 


balloon. 

Whence it appears that we must reject 
the doctrines of the inclined plane school 
quite as much as those of the balloonists; 
and another important and troublesome 
factor has been eliminated from our equa- 
tion. Let us see how soon we can get it 
down to “a eqnals to.” 

There now remains to be regarded the 
doctrines of those who believe in the 
flappings of wings, to secure the desider- 
atum. 

In 1860, Borelli published at Rome a 
two-volume work, “De Motu Animali- 
um,” and up to 1865, all the knowledge 


that we possessed on the subject is due 


to this distinguished physiologist and 
mathematician. He constructed an arti- 
ficial bird in which the wing, consisting 
of a rigid spine, with natural feathers 


attached thereto, flapped vertically down- 


wards, and this idea has been enthusi- 
astically seconded by both Straus-Durck- 
heim and Girard, and quite lately by 
Professor Marey. 

Borelli opines that flight results from 
the application of an inclined plane, 
which beats the air, and he evolves, 
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| 
amongst others, the following proposi- 


tions from his arguments: 

First—If the air strikes the under sur- 
face of the wing perpendicularly in a 
direction from below upwards, the flexi- 
ble portion of the wing will yield in an 
upward direction, and form a wedge with 
its neighbor. 

Secondly —Similarly and conversely, | 
if the wing strikes the air perpendicu-| 
larly from above, the posterior and flexi- 
ble portion of the wing will yield and 
be forced in an upward direction. 

Thirdiy—That this upward yielding 
of the posterior or flexible margin of the 
wing results in and necessitates a hori- 
zontal transference of the body of the 
bird. 

Fourthly—That to sustain a bird in 
the air the wings must strike Vertically 
downwards, as this is the direction in 
which a heavy body, if left to itself, 
would fall. 

Fifthly.—That to propel the bird in a 
horizontal direction, the wings must 
descend in a perpendicular direction, 
and the posterior or flexible portions of 
the wing yield in an upward direction, 
and in such a manner as virtually to 
communicate an oblique action to them. 

Sixthly.—That the feathers of the 
wing are bent in an upward direction 
when the wing descends, the upward 
bending of the elastic feathers contrib- 
uting to the horizontal travel of the 
body of the bird. 

These arguments appear so plausible 
as to be acceptable to the superficial 
reader, and even to the philosophers of 
the past two centuries they have seemed 
correct in general. Many have changed 
his plans in detail and proclaimed their 
new discoveries to the world without 
giving Borelli credit for the same, and 
up to this date they have stood firm. 
The best proof of their invalidity lies in 
the unfortunate circumstance that they 
have never succeeded when applied to 
practice. ° 

Prof. Owen, 
Liais and others, 


Macgillivray, 

have added the word 

backwards to Borelli’s downwards. 
Bell-Pettigrew was the first to differ 


Bishop, 


from Borelli and his votaries. He 
proves that the action of the wing is not 
downwards and backwards, but down- 


wards ard forwards, and that the other 


arguments stated are fallacious through- 


out. The artificial wings which he made 
of late differ from those recommended 
| by Borelli and others in the mode of 
construction, in the manner in which 
they are applied to the air, in the nature 
of the power employed, and in the 
opinion of the necessity for adapting 
certain elastic substances to the root of 
the wing if in one piece, and to the root 
and the body of the wing if in several 
pieces. 

He maintains that no part of the wing 
should be rigid; that, if the wing be in 
one piece, it should be made to vibrate 
obliquely and more or less horizontally, 
so as to twist and untwist ard make 
figure-of-8 curves during its action, thus 
enabling it to seize and let go the air 
with wonderful rapidity, and in such a 
manner as to avoid dead points; that 
the entire wing must be under thorough 
control during a cycle of motion, and 
that steam, varying in intensity at every 
stage of the down and up-strokes, pro- 
duced by a direct piston action, is the 
proper motive power; and that the root 
of artificial wings must be supplied with 
elastic structures in imitation of the 
muscles and elastic ligaments of flying 
animals. 

The propounder of what has here been 
so very briefly referred to has not only 
the highest faith in his being the true 
method, by pointing to an early consum- 
mation of his plans, but ably and scien- 
tifically enters into the merits and 
minutiz of his every assertion. His 
views are sustained by many eminent 
authorities, who predict its practical 
success; and we truly believe that the 
inventor’s only chance in this direction 
is to study Bell-Pettigrew’s propositions, 
ponder them over critically and make 
them the basis of his speculations and 
work, 

But it must not be imagined that 
ballooning and aerial animal locomotion 
are the only foundations upon which 
both profound philosophers and _hair- 
brained visionaries have built their plans 
and experiments. 

Attempts have been made to harness 
trained eagles to balloons and other ap- 
paratus, and for a long time this possible 
solution of the question was agitated 
with fervor and enthusiasm. That this 
is not the ultimately correct solution is 


/proved by the readiness with which it 
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was suffered to drop out of notice. | about ; ask an average man to extract a 
A blunt, but well-meaning, individual in a| square root, to solve an equation of the 





technological journal lately remarked 
that if humanity couldn’t produce any 
better than animal power to settle its en- 
gineering difficulties, it had better re- 
sume the furs and bone spears of its bar- 
barous ancestry and give up civilization 
as a bad job. And we cannot help feel- 
ing as he does. 

Of course, electricity has been sug- 
* We noticed a communication 
rom an Australian in the New York 
Herald iately, who had a plan of aerial 
navigation on electric principles, and 
only wanted some cash to show the world 
that his principles could be carried into 
successful execution. Electricity, some- 
how or other, can do anything ; it is one 
of these grand, mysterious institutions 
that will be the future foundation of not 
only engineering, but of everything. 
Verne runs and lights his “ Nautilus ” 
with it, and this Australian is going to 
aero-Nautilus it on the same plan. Peo- 


ple expect great things from electricity, 
especially since we can hear the grass 
oe in Philadelphia with it from New 


ork, and perform other startling feats. 
People look knowing and hint at future 
immensities of achievement ; the un- 
known is always what people know most 





second degree, or to perform some similar 


elementary operation, and he’ll scratch 
his head and tell you that he isn’t up in 
that sort of thing; but ask that same 
man about the future electricity and it is 
wonderful how much he knows about it, 
while the sages of all ages and parts of 
the globe are devoting their life-times to 
the study of its nature, and finally de- 
clare that they don’t know anything 
about it. Ask a professor of mathemat- 
ics what force is. He don’t know. Ask 
a precocious student. Oh, he knows, and 
he’ll tell you all about it; dealing in argu- 
ments and with propositions which are too 
profound for anybody to understand. 

We cannot be too emphatic in warning 
the precocious inventor against attempt- 
ing to overreach science. Experience 
has taught us that it leads to nothing. 
We do not mean to say that speculation 
should be abandoned, but we do not be- 
lieve in building on a foundation which 
cannot be supported. 

Bell-Pettegrew has given us a founda- 
tion which will stand. Build on that. 
Experiment on electricity if you will, 
don’t build on deductions before a criti- 
cal, scientific community has given them 
the stamp of validity. 
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I, 


HISTORICAL NOTICE. 

The application of compressed air to 
industrial purposes dates from the close 
of the last century. Long before this, 
indeed, we find isolated attempts made 
to apply it in a variety of ways; but its 
final success must be ascribed to the 
present age—the age of mechanic arts— 
an age inaugurated in so splendid a man- 
ner by the genius of Watt, and which 
has been so wonderfully productive in 
good to mankind. 

Without going into any details as to 
its history, we shall only name the Eng- 
lish engineers, Cubitt and Brunell, 





who, in 1851-4, first applied compressed 
air in its statical application to the sink- 
ing of bridge caissons, the Genoese Pro- 
fessor, M. Collodon, who, in 1852, first 
conceived and suggested the idea of em- 
ploying it in¢ghe proposed tunneling of 
the Alps; and, finally, the distinguished 
French engineer, Lommeiller, who first 
practically realized and applied Collo- 
don’s idea in the boring of the Mt. Cenis 
Tunnel. 
IL. 


ITS APPLICATIONS AND ITS FUTURE. 


The applications of compressed air are 
very numerous, its most important one 
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being the transmission of power by its 
means. 

Custom has confined the term “ trans- 
mission of power” to such devices as are 
employed to convey power from one place 
to another, without including organized 
machines through which it is directly ap- 
plied to the performance of work. 

Power is transmitted by means of 
shafts, belts, friction-wheels, gearing, 
wire-rope, and by water, steam and air. 
There is nothing of equal importance 
connected with mechanical engineering 
in regard to which there exists a greater 
diversity of opinion, or in which there is 
a greater diversity of practice, than in 
the means of transmitting power. Yet 
in every case it may be assumed that 
some particular plan is better than any 
other, and that plan can be best determ- 
ined by studying, first, the principles of 
the different modes of transmission and 
their adaptation to the special conditions 
that exist; and, secondly, precedents and 
examples. 

For transmitting power to great dis- 
tances, shafts, belts, friction-wheels and 
gearing are clearly out of the question. 
The practical incompressibility and want 
of elasticity of water, renders the hy- 
draulic method unfit for transmitting 
regularly a constant amount of power; 
it can be used to advantage only where 
motive power, acting continuously, is to 
be accumulated and applied at intervals, 
as for raising weights, operating punches, 
compressive forging and other work of 
an intermittent character, requiring a 
great force acting through a small dis- 
tance. 

Whether steam, air or wire-rope is to 
be made the means of transmitting power 
from the prime-mover to the machine, 
depends entirely upon the special condi- 
tions of each case. In carrying steam to 
great distances very importannt losses 
occur from condensation in the pipes; 
especially during cold weather. The 
wear and tear of cables lessen the ad- 
vantages of the telodynamic transmis- 
sion; steep inclinations and frequent 
changes of direction of the line of trans- 
mission often exclude its adoption; while 
it is entirely excluded when it is rather 
a question of distributing a small force 
over a large number of points than of 
concentrating a large force at one or two 
points. 


Compressed air is the only general 


/mode of transmitting power; the only 


one that is always and in every case pos- 
sible, no matter how great the distance 
nor how the power is to be distributed 
and applied. No doubt as a means of 
utilizing distant, yet hitherto unavailable 
sources of power, the importance of this 
medium can hardly be overestimated. 
But compressed air is also a storer of 
power, for we can accumulate any de- 


‘sired pressure in a reservoir situated at 


any distance from the source, and draw 
upon this store of energy at any time; 
which is not possible either in the case 
of steam, water or wire-rope. 

Larger supply-pipes are required for 
steam or water transmission; the incon- 
veniences resulting from hot steam pipes, 
the leakages in water pipes, the high ve- 
locities required in telodynamic trans- 
mission are all without their counter- 
parts in compressed air transmission. 
Compressed air is furthermore independ- 
ent of differences of level between the 
source of power and its points of appli- 
cation, and is perfectly applicable no 
matter how winding and broken the path 
of transmission. 

But especially is compressed air adapt- 
ed to underground work. Steam is here 
entirely excluded, for the confined char- 
acter of the situation and the difficulty 
of providing an adequate ventilation, 
render its use impossible; compressed 
air, besides being free from the objec- 
tionable features of steam, possesses 
properties that render its employment 
conducive to coolness and purity in the 


‘atmosphere into which it is exhausted. 


The boring of such tunnels as the Mt. 
Cenis and St. Gothard would have been 
impossible without it. Its easy convey- 
ance to any point of the underground 
workings; its ready application at any 
point; the improvement it produces in 
the ventilating currents; the complete 
absence of heat in the conducting pipes; 
the ease .with which it is distributed 
when it is necessary to employ many 
machines whose positions are daily 
changing, such as hauling engines, coal- 
cutting machines and portable rock-drills; 
these, and many other advantages, when 
contrasted with steam under like condi- 
tions, give compressed a value which the 
engineer will fully appreciate. 

There is every reason to believe that 





448 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





CHAPTER I. 


Tue Conpitions Mopiryine EFrriciency 
IN THE UsE oF CoMPRESSED AIR. 


I, 


compressed air is to receive a still more | 
extensive application. The diminished | 
cost of motive power when generated on | 
a large scale, when compared with that 
of a number of separate steam engines 
and boilers distributed over manufactur- 
ing districts, and the expense and danger LOSS OF ENERGY. 

of maintaining an independent steam! What is at present required in the use 
power for each separate establishment of compressed air is a considerable dim- 
where power is use@, are strong reasons inution in the first cost of obtaining it 
for generating and distributing com-| by really improving the compressor, and 
pressed air through mains and pipes laid | a practical means of working it at a high 
below the surface of streets in the same rate of expansion without the present 
way as gas and water are now supplied. | attendant losses. In the best machines 
Especially in large cities would the/|in use at the present day, the useful ef- 
benefits of such a system be invaluable; fect, that is, the ratio of the work done 
no more disastrous boiler explosions in by the air to that done upon it, is very 
shops filled with hundreds of working|small. The losses are chiefly due to the 
men and women; the danger of fire | following causes: 

greatly reduced; a corresponding reduc-| 1. The compression of air develops 
tion in insurance rates; an important | heat; and as the compressed air always 
saving of space; cleanliness, convenience | cools down to the temperature of the 
and economy. Wesay economy! For|surrounding atmosphere before it is 


there is no doubt that a permanently used, the mechanical equivalent of this 


‘dissipated heat is work lost. 


located air-compressing plant, established 
on a large scale, and designed on_princi- | 
ples of true economy and not with refer- 
ence to cheapnes of construction, would 
supply power at a much less cost than is 


supposed. Besides, there are many natu- 
ral sources of power, as water power, 
which could by this means be utilized, 
and their immense stores of energy con- 
veyed to the great centers of business 
and manufacture. 


As affording a means of dispensing 
with animal power on our street rail- 
roads, compressed air has been proposed 
as the motor to drive our street cars. It 
has already met with some success in this 
direction, and, to-day, there are eminent 
French, English and American engineers 
at work upon this interesting problem. 


The compressed air locomotives of M. 
Ribourt, now in use at the St. Gothard 


Tunnel, give very satisfactory results. | 


They are compact, neat and compara- 
tively economical. 

Compressed air is also applied in a va- 
riety of other ways; in signaling, in pro- 
pelling torpedo boats; in ventilating 
large and confined spaces; in driving 
machinery in confined shops; in sinking 
bridge caissons. The pneumatic dis- 
patch system, the air brake, the pneu- 
matic elevator and hoist are further ex- 
amples of its use. 


2. The heat of compression increases 
| the volume of the air, and hence it is 
/hecessary to carry the air to a higher 
pressure in the compressor in order that 
'we may finally have a given volume of 
‘air at a given pressure, and at the tem- 
perature of the surrounding atmosphere. 
|The work spent in affecting this excess 
|of pressure is work lost. 

| 3. The great cold which results when 
'when air expands against a resistance, 
forbids expansive working, which is 
equivalent to saying, forbids the realiza- 
tion of a high degree of efficiency in the 
use of compressed air. 

| 4, Friction of the air in the pipes, 
leakage, dead spaces, the resistance of- 
fered by the valves, insufliciency of 
valve-area, for workmanship and slovenly 
attendance, are all more or less serious 
causes of loss of power. 

| The question now is, how can we get 
‘rid of these losses and obtain a higher 
| efficiency ? 

| The first cause of loss of work, name- 
ly, the heat developed by compression, 
is entirely unavoidable. The whole of 
the mechanical energy which the com- 
pressor-piston spends upon the air is con- 
verted into heat. This heat is dissipated 
by conduction and radiation, and its me- 
‘chanical equivalent is work lost. The 
‘compressed air, having again reached 
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thermal equilibrium with the surround- 
ing atmosphere, expands and does work 
in virtue of its intrinsic energy. 

We proceed to the second loss, which 
is the work done in driving the com- 
pressor-piston against the increase of 
pressure due to the heat of compression. 
Since the temperature increases more 
rapidly than it ought, according to 
Boyle’s law, the work necessary to com- 
pression is greater than if the tempera- 
ture were to remain constant. 


The theoretical efficiency of the com-| 
pressing and working cylinders, as given | 


further on by eq. (486), is: 


E=% 


mj? 
My : 


where T, is the absolute temperature of | 
‘or ram compressors (first used by Som- 


the air at its exit from the compressor, 
and 0, the absolute temperature at its 


entrance into the working cylinder,which | 


in practice is that of the surrounding 
atmosphere. 
value of this fraction only by decreasing 
the denominator T., that is the final heat 
of compression. ‘This can only be done 


by abstracting the heat during compres- | 


sion, or by using very low pressures. 


But low pressures are excluded by other 


considerations. The weight of air, «, 
needed per second to perform a given 
amount of work would have to be con- 
siderably increased, and this would neces- 
sitate larger pipes, larger cylinders, and 
would result in a cumbrous and expen- 
sive arrangement. 

The only remaining alternative, there- 
fore, is to bring about in the compressor 
the cooling which the air now under- 
goes after having left it. Table VII 
shows respectively the portion of work 
lost when the air is not cooled in the 
compressor and that lost when it is com-| 
pletely cooled, and will make manifest 
the advantage there is in cooling. For) 
a pressure of six atmospheres the work 
spent in isothermal compression to that 
spent in adiabatic compression is as 3 to 
4; and this ratio decreases rapidly as the 
pressure increases. 

IT. 
METHODS OF COOLING. 
_ There are three methods in which cold | 
water is applied to cool the air during 


its compression: 
1. In case of the so-called hydraulic 


Vou. XIX.—No. 5—29 


Hence we ean increase the | 
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piston or plunger compressors, the air is 
over and in contact with a column of 
water which acts upon the air like an 
ordinary piston, its surface rising and 
falling with the backward and forward 
motion of the plunger. It is obvious 
that the cooling effect of this large mass 
of water is very small. There is nothing 
but surface contact, and water possesses 
in a slight degree only, the property of 
conducting, through its mass, heat re- 
ceived on its surface. but we obtain all 
the advantages there are in having the 
air completely saturated with water- 
vapor during its compression, as well as 
all the disadvantages of having saturated 


compressed air to work with. What has 


been here said of hydraulic plunger- 
compressors, applies equally to hydraulic 


meiller at Mt. Cenis, but now obsolete). 

2. By flooding the external of the 
cylinder, and sometimes also the piston 
and piston-rod. This method of cooling 
presents neither the advantages nor dis- 
advantages incident to direct intercon- 
tact between the air and water; it is that 
generally adopted in American practice, 
especially where it is necessary to expose 
the air-pipes to the out-door atmosphere 
of winter. The cooling which it effects 
is, however, only an approach to that 
which insures the highest efticiency. 

3. By injecting into the compressor 
cylinder a certain quantity of water ina 
state of the finest possible division, 7. ¢., in 
the form of spray. This method of cooling 
was first applied by Prof. Collodon in the 
compressors used at the St. Gothard 
Tunnel. It is by far the most rational, 
complete and effective. In this fine state 
of division the water has many more 
points of contact with the air, which is 
both completely cooled and kept thor- 
oughly saturated during compression. It 
is extremely important that the quantity 
of water injected into the compressor 


/be a minimum, and hence the weight re- 


quired for different tensions is given in 
a table further on. 


III. 


CONDITIONS MOST FAVORABLE TO ECONOMY 


IN THE USE OF COMPRESSED AIR. 

By working air at full pressure we 
avoid the formation of ice in the pipes 
and exhaust ports, not so much because 
the air is less cooled (for the great fall 
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of temperature produced by the sudden 
expansion at the instant of exhaust is| 
almost equal to that produced by inte-| 


soaked in petroleum, was also used to 
heat the working cylinder. 
Finally, in 1874, Mr. C. W. Siemens 


rior expansion), but because the air in| proposed the injection of hot-water into 
exhausting requires a high velocity, and|the compressed-air engine cylinder to 
this opposes the deposit of ice crystals keep the temperature of the expanding 
by its purely mechanical effect, and by | air from falling below the freezing point, 


the heat developed by its friction. 

But even at full pressure we cannot | 
work with high tensions without serious 
drawbacks. In England, several trials | 
were made at the Govan Iron Works and 
other places to use air under tensions of 
eight and nine atmospheres, but they 
were forced to return to low pressures, 
owing to the entire arrest of the ma-| 
chine from the formation of ice in the| 
ports. Hence, not taking into account| 
the fact that the useful effect decreases | 


| just as we inject cold water into the 
compressor cylinder to prevent a great 
rise of temperature during compression. 
This is by far the most efficient mode of 
supplying heat to the expanding air. Ex- 
pansion is made completely practicable, 
and hence the efficiency of the engine is 
greatly increased, as was shown by M. 
Cornet, who was the first to apply Mr. 
Siemens’ plan and to prove conclusively 
its great practical utility. 

The quantities of hot water to be in- 


as the pressure increases, we conclude | jected into the cylinder should always be 


that it is not good practice, even at full 
pressure, to work with a tension much 
over four atmospheres, unless we employ 
special means to reheat the working air. 

But while by working at full pressure 
with moderate tensions, we avoid the in- 
conveniences of very low temperatures, | 
the efficiency obtained is also very low. 
Notwithstanding this, even up to the| 
present time air is almost exclusively | 
worked at full pressure, especially in the | 





a minimum; they are given in a table 
further on. 


IV. 


EFFICIENCY ATTAINED IN PRACTICE. 

It is desirable to know what efficiencies 
have been attained in practice—of com- 
pressors, of compressed-air engines, and 
of the two machines together as a 
system. 

1. By efficiency of compressor is meant 


United States. This is because the great | the ratio of the effective work spent upon 
cold produced by expansive working has|the air in the compressor to that de- 
made its adoption impossible. With a/ veloped by the steam in the driving en- 
cut-off at 4 stroke the temperature of the gine; or if you choose the resistance di- 
air falls 71° C, and at 4 cut off 140° C. | vided by the power. 

Now, to avoid these low temperatures,| «. In compressors without piston or 
is is necessary either that the initial tem-| plunger, such as the hydraulic com- 
— of the compressed air be raised | pressor of Sommeiller, the efficiency is 

y heating it before its introduction into| always less than .50. These machines 


the working cylinder, or that the cylin-| are interesting on account of their sim- 
der in which it expands be heated, or) plicity, but their useful effect is always 
that the compressed air be supplied-with | very small. 


heat directly during its expansion by| 4. In the so-called hydraulic piston, 
means of the injection of hot water. ‘or plunger-compressor, an efficiency of 
In 1860, M. Sommeiller, in order to) .90 has been obtained when working at a 
utilize expansion, heated his working | low piston-speed to pressures of four and 
cylinders at Bardonnéche by means of a five atmospheres. 
current of hot air circulating around the; c. The compressors of Albert Schacht 
cylinders in small pipes. By this means} at Saarbriicken, in which the cooling is 
he was enabled to cut off at } stroke. _| wholly external, have shown an efficiency 
In 1863, M. Devillez recommended | of .80 when compressing to a tension of 
that the cylinder be placed in a tank 4 effective atmospheres. 
through which hot water was to circu-, @. Prof. Collodon’s compressors, into 
late. Other devices were to place the which water is injected in the form of 


cylinder into a tank of water, into which 
from time to time fresh supplies of quick- 
lime were to be thrown. Waste cotton, 


spray, and which were run at a piston- 
speed of 345 feet, and compressed the 
air to an absolute tension of 8 atmos- 
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| 
pheres, gave an efficiency which never 


descended below .80, while the tempera- 
ture of the air never rose higher than 12 
to 15 degrees C. 

2. The efficiency of compressed-air 
engines is the ratio of the work which | 
they actually do to that which is theo- 
retically obtainable from the compressed 
air. The following are examples of its | 
value as found by experiment: 

At the Haigh Colliery, Eng., .70 
“« “ Ryhope “ “ 
M. Ribourt has found for his locomotives | 
.50 to .60. 

In general it may be said that in the 
very best machines we can count upon 
from .70 to .75; while in the ordinary | 
ones, working against a variable resist- | 
ance, this efficiency descends to .50 and 
55. 

3. The efficiency of the whole system | 
together, that is, the ratio of the work 
measured on the crank-shaft of the com- | 
pressed-air engine, to that done by the 
prime mover, is found to be about .20 to 
.25 high pressures, and from .35 to .40 
for low pressures. 

Experiments made at Leeds show a 
net efficiency of .255 when working with 
2.75 effective atmospheres pressure, 
and .455 when with 1.33 eftective atmos- 
pheres pressure. 

At the Blanzy mines, M. Graillot has 
found for a final efficiency, .22 to .32 of 
the effective work of the steam. 

M. Ribourt, by experimenting on the 
new compressed-air locomotives built 
for the St. Gothard Tunnel, found that 
the ratio of the tractive effort developed 
to the original power, (in this case a 
head of water), was .23; that is, after 
passing the turbine, the compressor, the 
expansion regulator, and the cylinders of 
the locomotive, there remained .23 of 
the original power. 

wa 
THE EFFICIENCY OF FULL PRESSURE AND 
OF EXPANSION COMPARED. 

Let W, be the work spent upon the air 
in the compressor: 

W, the work which the compressed air 
is theoretically able to do; then its the- 
Resch 
Ww, 

If W=the actual work done by the, 
prime mover, and 


oretical efficiency will be 


|.75 for complete expansion. 


W’ the actual work done by the air, 
then the real efficiency will be wv: 
Now in the ordinary conditions of 
practice we know that W, is at best .70 
W, and W’ is only about .70 W,; hence 
W’_ .70W,_ 49.¥2 
ee 
-70 =.49E. 


E’=real efficiency = 


\ 
The value of bof (=E=the theoretical 


1 
efficiency) is .55 for full pressure and 
Hence, sub- 
stituting these values of E above, we 
find for these two cases a final efficiency 
of .27 and .37. 


VL. 
LOSSES OF TRANSMISSION, 

The losses due to transmission are cal- 
culated further on. 

At the works for excavating the Mt. 
Cenis Tunnel the supply of compressed 
air was conveyed in cast iron pipes 73 
inches in diameter. The loss of pressure 


and leakage of air, from the supply pipes, 


in a length of one mile and fifteen yards, 
was only 34% of the head; the absolute 
initial pressure was 5.70 atmospheres 
and it was reduced to 5.50 atmospheres, 
whilst there was an expenditure at the 
rate of 64 cubic feet of compressed air 
per minute. In the middle of the tun- 
nel, through a length of pipe of 3.8 miles, 
the absolute pressure fell only from six 
atmospheres to 5.7 atmospheres, or to .95 
of the original pressure. 

At the Hoosac Tunnel the air was car- 
ried through an 8-inch pipe from the 
compressors to the heading, a distance of 
7,150 feet, operating six drills, with an 
average loss of two pounds pressure. 


CHAPTER IL 
Tue Puysican Properties anp Laws 
or AIR. 
I, 
INTRODUCTORY. 
A fluid is a body incapable of resisting 
a change of shape. Fluids are either 
liquids, vapors or gases. Water may be 
taken as the type of the first; steam is 
the type of all vapors, and air of all 
gases. 
Gases are either coercible gases, i. €., 
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such as under ordinary circumstances 
may be condensed into liquids or even 
solids, as CO,; or permanent gases, which 
retain their aériform state under all ordi- 
nary circumstances of temperature and 
pressure. This distinction is convenient. 
Air has been condensed, but certainly 
not under ordinary circumstances. 


Air then is a permanent gas, and may | 


be considered a perfect fluid ; that is, 

1. It is incapable of experiencing a 
distorting or tangential stress, its mole- 
cules offering no resistance to relative 
displacement among themselves; hence 


no internal work of displacement need | 


be considered. 

2. It has the power of indefinite expan- 
sion so as to fiil any vessel of whatever 
shape or size. 

3. It exerts an equal pressure upon 
every point of the walls of the vessel 


enclosing it. 
4. It is of the same density at every 


point of the space it occupies. 
II. 


BOYLE’S LAW. 


This law states that the temperature 
being constant, the volume of a gas va- 


ries inversely as the pressure, &c., for- | 
'volume of a substance in any condition 


is the specific weight of that substance in 


mulated, 


(1) 


oon 
pv =P, 


Where v,=the volume of a given) 
weight of the gas at freezing tempera- | 


ture and a pressure p,; and v’=the vol- 


same temperature and at any pressure p. | 
Dry air, a mechanical mixture of, 
oxygen and nitrogen, being a permament 


gas, obeys this law. 
III. 
THE LAW OF GAY-LUSSAC. 


This second law of gases may be 


stated thus: The volume of a gas under 


constant pressure expands when raised 


from the freezing to the boiling temper- | 


ature, by the same fraction of itself, . 
gas form- | pressure in lbs. per square foot. Then 
| 


whatever be the nature of the 
ulated: 
v=v' (1+a,) 


(2) 


It has been found by the careful 
experiments of M. M. Rudberg, Reg- 


nault and Prof. Balfour Stewart and 
others, that the volume of air at constant 
pressure expands from 1 to 1.3665 be- 


or letting 


‘density of the gas. 
|mospheric air is determined as follows: 


‘tween 0° ©, and 100° C. Hence for a 


variation in temperature of 1°C., the 
volume varies by .003665 or 34, of the 
volume which the air occupied at 0° C, 
and under the assumed constant pressure. 
In equation (2) the coefficient a, is there- 
fore equal to s4,. 


IV. 
BOYLE’S AND GAY-LUSSAC’S LAW. 
Combining the equation formulating 


| Boyle’s law with that formulating Gay- 
| Lussac’s, we obtain, 


1 . 
po=pv,(1 + a,t) =p,0,4,(— + t) ; 
1 


a=—=273, we have 


a, 


poe (a+t)=R (att) (3) 


'This last equation is a general expres- 
sion for both Boyle’s and Gay-Lussac’s 
|law, and completely expresses the rela- 
|tion between temperature volume and 
| pressure. 


R is a constant and depends upon the 
Its value for at- 


The weight of the standard unit of 
that condition. 


’ The specific weight of air, that is to 
say, the weight of a cubic foot of air at 


ume of the same weight of gas at the | 0°C. and under a pressure of 29.92-inches 


of mercury, is according to M. Regnault 
_.080728 Ibs. avoirdupois. 

The specific volume of a gas is the vol- 
,ume of unit of weight; it is the recipro- 
cal of the specific weight. 

| The specific volume of air, i.e., the vol- 
ume in cubic feet of one pound avoirdu- 


/pois at 0°C. and under the pressure of 
| 29.92 inches mercury is: 


=——__— = 12,387 i q 
= 500798 87 cubic feet 
Let p,=2116.4, the mean atmospheric 


v 


| v 2116.4 x 12.387 

| Rare = . aeenitenen q 76. 
. 273 96.0376 

| V. 

ABSOLUTE TEMPERATURE. 

| Making ¢=—273 in the equation 

po=R(at+a 
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the second member reduces to zero, and 
hence 
pv=o. 


The distance of the freezing point 
from the bottom of the tube of an air 


thermometer is to the distance of the’ 
boiling point from the bottom as 1:1,3665. | 


Hence, in the centigrade scale, where 
the freezing point is marked 0° and the 
boiling point 100°, the bottom of the 
tube will be marked—272°.85. The 
lowest reading of the scale is, therefore, 
—273°. 
served it would imply that the volume 
of the air had been reduced to nothing. 
This is evidently a purely theoretical 
conception, but in dealing with questions 
relating to gases it is exceedingly con- 
venient to reckon temperatures, not from 
the freezing point but from the bottom 
of the tube of an airthermometer. Ad- 
solute zero, therefore, is marked —273° on 
the Centrigrade scale (corresponding to 
—459.°4 on the Fahranheit’s scale) and 
is the temperature at which all molecular 
motions cease, and the mechanical effect, 
which we call pressure, and which is due 
to these motions, becomes zero. 


VI. 
LAW OF THE PRESSURE, DENSITY 
TEMPERATURE. 

Let D,=the density of a weight w of 
air at the temperature 0° C. and under 
the pressure p,, v, being the correspond- 
a em 

=its density at pressure p, tempera- 
ture ¢, v being its corresponding volume; 

D’=its density at temperature 0° C. 
pressure p and volume V’. 

We shall have 

eo 


oa, 


or by taking w=unity, 


AND 


D° 
Placing this value of v in equation (1) 
we get 


D=y, and v= 


| ee 
~P, oe (4) 
that is, the pressure of a gas is propor- 
tional to its density. 
From (2) we have, 
D 1 a 


D’ 1 +at ate 


If this reading could be ob-' 


That is, the density of a gas is inversely 
as its temperature, the latter being rec- 
|oned from absolute zero. 

Combining equations (4) and (5), 
D_p a 
: a+t 
a+t 
a 


D,~ p,* 
‘ ) 
Psy. 


oe | 


0 


, or 


D. 


(Tal 
m and hence 


But D= 


pr= (6a) 
(6) shows that the density of a gas is: 
At constant temperature, directly as 


the pressure; 
At constant pressure, inversely as the 


absolute temperature. 
P, 
D, 


P. m o+9 ie 


0 


=constant for any given gas. For 


2116.4 , 
—_-=~ = 26216.43 (according 
to Rankine, 26214); this is the height in 
feet of a column of fluid of density D,, 
which produces a pressure p, pounds per 
square foot of surface; letting H be this 
height, the weight of the column having 
one square foot for its surface will be 
D,H, or 
D,H=p.. 
If in (6a) we make v=1, we get 
_p _Da_ p 1 , 
~ att™ p, axe XR (7) 
which is the weight of unit of volume, 
or the specific weight of air. 
Making w=1 in same equation, we 
have for the volume of unit of weight, 


P, at+t a+t 
“| (8) 


"=D.a yp ™ t P 
(7) and (8) 


called the specific volume. 
are reiprocals of each other. 
VI. 
THE MEASUREMENT OF HEAT. 

Any effect of heat may be used as a 
means of measuring it, and the quantity 
of heat required to produce a particular 
effect is called a thermal unit. It has 
been found best to take a thermal unit to 
‘be the quantity of heat which corre- 
sponds to some definite interval of tem- 
perature in a definite weight of a 
particular substance. 
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Def. A British Thermal Unit is the 
quantity of heat which corresponds to an 
interval of one degree of Fahrenheit’s 
scale, in the temperature of one pound 
of pure liquid water at its temperature 
of greatest density (39° 1 Fahr). 

ef. A Calorie, or French Thermal 
Unit, is the quantity of heat which 
corresponds to the Centigrade degree in 
the temperature of one kilogram of pure 
liquid water, at its temperature of great- 
est density, (3° 94 C.). 

Def. The Specific Heat of a body, is 
the ratio of the quantity of heat required 
to raise that body one degree, to the 
quantity required to raise an equal 
weight of water one degree. 

It has been proven for permanent 
gases, that, 

1. The specific heat is constant for 
any given gas, and is independent of the 
temperature and pressure; 

2. The thermal capacity per unit of 
volume, is the same for all simple gases 
when at the same pressure and tempera- 
ture; 

3. The specific heat increases with the 
temperature, and probably with the 
pressure, when the gas is brought near 
the point of liquifaction, and no longer 
obeys Boyle’s law. 

The above three conclusions are true 
of specific heat at constant volume, as 
well as of specific heat at constant press- 

,ure, as far as regards simple gases and 
air, (which, being a mechanical mixture, 
obeys the same laws as simple gas). 

It was shown by Laplace, that the 
specific heat of a gas is different, accord- 
ing as it is maintained at a constant 
volume, or at a constant pressure, during 
the operation of changing its tempera- 
ture. 

The specific heat of gases was inde- 
pendently determined by M. Regnault 
and Prof. Rankine; experimentally by 
the former, and theoretically by the 
latter. ‘Their results agreed exactly, 
and are those now generally accepted. 
As given in Watt’s Dictionary of Chem- 
istry, 

The specific heat at constant pressure 
is .238 

As we shall find farther on, the specif- 
ic heat at constant volume is .169. 


_¢_ .238 


= =1,40= 
ce .169 —_ 





CHAPTER III. 


THERMODYNAMIC PRINCIPLES AND For- 
MULAS. 


I 


INTRODUCTORY. 


It is well known that the cylinder of 
an air compressor becomes very hot even 
at a low piston-speed. This fact brings 
us face to face with the doctrine of the 
conversion of energy; for it is the con- 
version of the visible, mechanical energy 
of the piston into that other invisible 
form of energy called heat. Thus we 
see we are at the very outset confronted 
with a thermal phenomenon, whose con- 
sideration involves the science called 
thermodynamics. ‘To begin with we 
had no other but the visible mechanical 
energy of a moving piston; but very 
soon sensible heat manifests itself, and 
this heat can be developed only at the 
expense of part at least, of the energy of 
the moving piston. 

These phenomena are referable to the 
two general principles which form the 
basis of the science of thermodynamics, 
viz : 

1. All forms of energy are convertible. 

2. The total energy of a substance or 
system cannot be altered by the mutual 
actions of its parts. 

* “The conversion of one form of 
energy into another takes place with as 
great certainty and absence of waste, 
and with the same integrity of the ele- 
mentary magnitude as the more formal 
conversion of foot-pounds in kilogram- 
meters.” “In the development of the 
axioms that nothing is by natural means 
creatable from nothing, and that things 
are equal to the same thing only which 
are equal to each other, and in the appli- 
cation to them of empirical laws with 
reference to the behavior of bodies under 
the action of heat and mechanical effect” 
consists chiefly the science of thermody- 
namics. 

The general equation of thermody- 
mamics which expresses the relation be- 
tween heat and mechanical energy under 
all circumstances, was arrived at inde- 
pendently in 1849 by Professors Clau- 
sius and Rankine. The consequences of 





* “History of Dymamical Theory of Heat,” by the 
late Porter Poinier, M.E., in Popular Science Monthly 
for January, 1878. 
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that equation have since been developed | Ill. 


and applied by many distinguished | j4¢ two LAWS OF THERMODYNAMICS. 
writers. 5 
Of course we shall here confine our-| The whole mechanical theory of heat, 
selves to so much only of the Mechanical | Tests on two fundamental theories: as 
Theory of Heat as is necessary to an in-| 1. That of the equivalence of heat and 
telligent comprehension of our subject work; whensoever a body changes its 
in doing so, and shall follow in outline | State in producing exterior work, (posi- 
the treatment given by M. Pochet, in his t!ve or negative), there is an absorption 
admirable “Nouvelle "Mechan ique Indus- | °F disengagement of heat in the propor- 
trielle,” making free use, at the same | tion of one British thermal unit for every 
time, of the works or Zeuner, Rankine 772 foot pounds of work, (or of one 
and Clausius. | French thermal unit for every 423.55 
II | kilogrammeters of work). 
x | This mechanical equivalent of heat 
ERAT ABD TEMPERATURE. was first exactly determined by Mr. 
Heat denotes a motion of particles on} Joule, in honor of whom it is called 
a small scale just as the rushing together | Joule’s equivalent, and is denoted by the 
of a stone and the earth denotes a mo-| symbol J. 
tion on a large scale, a mass motion. It} © 2, The theorem of the equivalence of 
is dze to a vibratory motion impressed | transformations; when a body is succesé- 
upon the molecules of a body. The/jively put in communication with two 
more rapid the vibrations the more in-/ sources of heat, one at a higher tempera- 
tense the heat. The quantity of heat in| ture ¢, the other at a lower temperature 
a substance could be measured by multi-|¢, its temperature remaining constant 
plying the kinetic energy of agitation of | and equal to that of each source during 
a single molecule by the number of mole- | the whole time of contact, and the body 
cules in unity of weight, supposing the| neither receiving nor losing heat except 
substance to be homogeneous and the|by reason of its contact with the two 
heat uniformly distributed. Thus the | sources, the ratio of the quantity of heat 
thermometer and dynamometer reveal to | Q given out by the higher source to the 
us phenomena which are 1n reality ident- | quantity Q' transferred to the lower 
ical, and we can establish a measuring source, is independent of the nature of 
unit to which both effects can be referred. ithe bodies; it depends only on the 
Temperature is the property of a body | temperatures, ¢ and ¢,, of the two sources. 
considered with reference to its power of| (Clausius states this as follows: In all 
heating other bodies. It is a function of | cases where a quantity of heat is con- 
the variables, volume and pressure, or, | yerted into work, and where the body 
t=p (v, p) effecting this transformation ultimately 


that is, all bodies having the same press- | 'eturns to its original condition, another 
quantity of heat must necessarily be 


ure and volume have the same tempera- 
ture. This is expressed by the differen- transferred from a warmer to a colder 
body; and the magnitude of the last 


tial equation: q : : . 

quantity of heat, in relation to the first, 
at dt 

a=(F)ap+(S)ae, (9) depends only on the temperature of the 
dp dv bodies between which heat passes, and 
wt (<) a (=) are the partial dif- | "Ot ¥Po™ the nature of the body effecting 
—s dp sa dv P this transformation; or, more briefly, 
heat cannot of itself pass from a colder 


ferential co-efficients, dt in the former de- 
to a warmer body. 


noting the increment of ¢ when, v re- 
maining constant, p alone is increased by IV. 
dp ; and in the latter, the increment re- 
ceived by ¢ when p remaining constant, 
v-is increased by dv; whilst in the first 
number of the equation, dt represents 
the total increment of ¢ due to the simul- 
taneous reception by p and v of the in- 
crements dp and dv, respectively. | * See Clausius on Heat, Memoir. _ 


HEAT AND MECHANICAL ENERGY. 
The quantity of heat which must be 
imparted toa body during its passage, 
in a given manner, from one condition to 
another, (any heat withdrawn from the 
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body being counted an important nega- | exactly to its original condition, the inte- 


tive quantity) may be divided into three 


parts, viz : 

1. 
heat actually existing in the body; 

2. That employed in producing in- 
terior work. 

3. That employed in producing ex- 
terior work. 

‘The first and second parts, called re- 
spectively the thermal and ergonal con- 
tent* of the body, are independent of 
the path pursued in the passage of the 
body from one state to another; hence 
both parts may be represented by one 
function, which we know to be com- 
pletely determined by the initial and 
final states of the body. The third part, 
the equivalent of exterior work, can only 
be determined when the precise manner 
in which the changes of condition took 
place is known. 

Let dQ=the element of heat absorbed 
during an infinitesimal change of con- 
dition; 

U,=the free heat present in the body 
at the beginning, @.e., the body’s intrinsic 
energy; 

=the free heat present in the body 
at the end of the change, plus the heat 
consumed by internal work during the 
change of state; 

pdv will be the work accompanying 
the passage of the body from a state 
(p,v) to a state (p+dp, v+dv); 

Then the heat spent while the body 
passes from one temperature ¢ to another 
t+dt, and from one state (p,v,) to an- 
other (p+ dp, v+dv) will be: 


aQ=(U-U,) + 5a, 


(10) 


=dU + 5-pdv; 


where du depends upon the initial and | 


| dv depends 


Jinal circumstances, while j 


on the intermediate circumstances of the 


change of state. 

We can write du=o and entirely ex- 
clude interior work and heat by confining 
ourselves to cyclical processes, that is to 
say, to operations in which the modifica- 
tions which the body undergoes are so 


arranged that the body finally returns 





* Clausius on Heat. Memoir. 


That employed in increasing the 


rior work, positive and negative, exactly 
neutralizing each other. 
u=f (p, »), 

that is, the internal heat of a og de- 
pends only upon the volume of the body, 
and the pressure to which it is subjected. 
| Hence the increase of internal heat when 
the body passes from a state (p, v) to a 
| state (p+dp, v+dv) will be: 


_ (du (74) 
du=(7)ap+ = dv 
| Substituting in equation (10 
| of du as given by equation (11 
_ (du | (%) Pp) 
| aQ=(F)dr+ hie a) 
lan equation which is not integrable; 
| since this would require that the second 
| derivatives of the co-efficients of dp and 
Pu 
dp.dv 
+ J) should be equal to each 


(11) 


the value 
, we have 


dv (12) 


dv (which are, respectively, and 
au 
| dv.dp 
other*; this would imply the impossible 
‘condition J=o. That is, mechanically 
speaking, the quantity of heat passing 
cannot be expressed as a function of the 
‘initial values of p and v. The equation 
be only be integrated when we have a 
/relation given, by means of which ¢ may 
be expressed as a function of v, and 
therefore p as a fnnction of v alone. It 
is this relation which defines the manner 
in which the changes of condition take 
_place; the quantity of heat passing de- 
pends upon the intermediate circum- 
| stauces of change of state, circumstances 
| which may be anything. 

| When a body is heated from a tem- 
|perature ¢ to another ¢+d¢, preserving 
the sume volume, no external work will 
be done and dv=o. Hence eq. (12) will 


become: 
du 
=¢, dt (13) 


which, by definition, is the specific heat 
at constant volume. 
The above equation gives: 


| * See Ray’s Infinitesimal Calculus, p. 366; also McCul- 
lough on Heat, arts. 61 and 62. 


du 


ap (13a) 
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the partial differential co-efficient of ¢ 
with respect to p. 

If the body passes from ¢ to ¢+dt 
under constant pressure, dp=o, and hence 
(12) becomes: 

P 


= (5)+ J (14) 


which, by definition, is the specific heat 
at constant pressure. 
From (14) we have: 


du\ p_ (dt 
(7)+5= i): 
Substituting these values of the partial 


derivatives in eq. (12), we obtain a sec- 
ond expression for dQ, viz.: 


AQ=c(T)ap+ F)ao 


It is convenient to have this equation 
ina form involving only the temperature 
and specific heats, and not the quantity 


t dv=e dt 


(14a) 


Q. We obtain such a form by differen-| 


tiating (13@) with respect to v, and (14a) 
with respect to p and subtracting the 
first result from the second. The form 


obtained is: 
1 dec\ { dt de,\ { dt 
(FV an)-(eNa) 
(16) 
V. 


j= e—4) 
THE DIFFERENTIAL EQUATION OF THE 
SECOND PRINCIPLE. 


= 
dv.dp 


In the figure, 
Y 























x 








° A E B c 


1, Let OA=the initial volume of a 
body whose temperature is¢ ; it expands 
in contact with a source of heat, (isother- 
mally), from volume OA to volume OB, 
when its temperature is then still ¢. 


D 


(15) 


| Q=the quantity of heat supplied by 
| the source; 

| 2 It is now left to expand adiabati- 
cally, é.e., without the addition or sub- 
|traction of heat, from volume OB to 
'volume OC, when its temperature will 
| have fallen to ¢,; 

| 8. Now place it in contact with a 
source of heat of the same temperature 
't, and compress it from OC to OD, 
| when its temperature is still ¢,. 

| Q’=the quantity of heat that has 
| passed into the source; 

| 4. Compress it adiabatically from 
volume OD to volume OA, when its 
|temperature will again be ¢; the body 
‘has now undergone a complete cycle, 
| during which it has evidently done work 
‘represented the area abed ; hence, 
Q—Q'=heat disappeared, and from 
the first law of thermodynamics, 

x abed= . XA. 


1 b 
Q-Q=5 (17) 


Now the second law of thermodynam- 
ics states that Q and Q’', (the heat 
received and the heat given out), are 
independent of the nature of the bodies, 
‘and dependent only upon the tempera- 
ture. 

Suppose that the difference of temper- 
‘ature of the two sources of heat is 
‘infinitely small, ¢ and ¢+dt. Also 
' consider ¢ and v as the independent vari- 
‘ables determining the state of the body, 
=f (vt): 
| A, in the above equation, is the in- 
| tegral between v, and v of the elementary 
|areas, such as ef. Now if Ee=p, Ef is 
|what » will become when the volume 
|remains constant, and the temperature 
‘takes an increment dt; fe therefore 
| measures the differential increment 


dp 
| (7) ae 


| 


dp . — 
where “=the partial derivative of p 
with respect to ¢. 


. » eS dp : 
| Hence, Q—Q =A.5=3/ “(Gia 


=u J” | 


taking the independent variable dt out 
of the integration symbol. 
Q is the heat supplied to keep at ¢ the 


dp 
i) lv, 





458 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





temperature of the body expanding 
from v, to v, and, therefore, 
Q=p(t,v,,v ; the nature of the bodies) ; 
also, 
Q’=F"(t, v,, vy) =F (4), 

the variables v,, v being implicitly con- 
tained in F. 

Since Q=Q’ when ¢ becomes ¢+dt we 
have, 

Q=F (t+ dt) =F(t)+F’ (0) dt 
and 
Q_,. FO, 

Q, F(¢) 


According to the second principle, 


=1+ lt. 


iy is independent of the nature of the 


bodies; hence, 


Q-Y'=9 Fedat=} af (2) av 
1F( 


F () 
and 
IFO? =) 
Q — J F’ (2) "(F dv. 

Now, suppose v—v, becomes indefinite- 
ly small and equal to dv; Q’ will become 
dQ, Q being the heat necessary to keep 
at ¢ the temperature of a body whose 


volume increases by dv; hence the dif- 
ferential equation of the first order, 
dp 


1 
aQ=> (oF (18) 
the differential equation of the second 
principle.* 
Calculation of the function p(t). It 


may have several forms. Making dt=o 
in eq. (9), we get, 


(2 
Placing this value of dp in eq. (15), 
dt 
dQ=(e—c,) (=) dv. 


dv 


dp=— 


Moreover in (9) (%) represents the 


partial derivative of » with relation to ¢ 
when v is constant; making dv=o, 


*See Zeuner, “Théorie Méchanique de la Chaleur,” 
troisiéme section, iii. 
Also, Clausius on Heat, first Memoir. 








(2) ne ae 
“" (§) 
dp 
Hence eq. (18) may be written, 


1 lv 
dp 
Equating this with the value of dQ 
above, we have, 


+e =-e)(Z) (FO 


from which p (¢) may be calculated. 
Again, if we take Eq. (16) and sup- 
pose it applied to bodies whose specific 
heats ¢ and ¢, are independent, the first 
of the pressure and the second of the 
volume, as is the case in permanent 


(=) and 


(5) equal to zero, and the equation be- 


gases, these conditions give 


comes, 


Pt ) 1 (20) 


(e—<,)( dpa J" 
Dividing eq. (19) by this we get, 


(< \(4) 
dp! \do 
ad’t 
Poy 

giving p (t) as a function of ¢ [=/ 
(p,v)] and of its partial derivatives. 


e(t)= (21) 


—__ > —_ 


Mr. Arnotp Hacuer, the eminent 
American geologist, has been engaged 
by the Chinese Government to examine 
and report upon the mineral resources 
and mining industry of the Celestial 
Empire, and sailed from San Francisco 
on Thursday, the 15th of August, by the 
steamer Gaelic, to enter upor his duties. 
He expects to take the field immediately 
upon arrival, and continue active opera- 
tions until about the first of December, 
when he will go into winter quarters. 
The excellent work performed by Mr. 
Hague in connection with King’s Survey 
of the Fortieth Parallel, and more re- 
recently in Guatemala, is a guarantee of 
his fidelity and skill in this new under- 
taking. 
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RECENT ADVANCES IN THE MANUFACTURE OF IRON AND 
STEEL, AS ILLUSTRATED IN THE PARIS EXHIBITION.* 


By RICHARD AKERMAN, Professor at the School of Mines, Stockholm, 
From “The Engineer.” 


with the times, can now scarcely expect 


As international exhibitions have of ‘ scar 
that an International Exhibition can pro- 


late followed so close on each other, it is | 


natural that the discoveries and inven- 
tions that can be made in the interval 
between each and its successor are not. 
numerous. The technical literature too, | 
especially that which is concerned with | 
the manufacture of iron and steel, has in 


duce anything altogether new to him 
within its walls. Neither for this reason 
ought it to be required of me, that I 
should have something new to say to you, 
even with all the resources of that on the 
Champs de Mars behind me. Indeed, I 
would never have entertained the ques- 


the last fifteen years been so developed W e t 
that nearly all improvements are, early tion of making a demand on your precious 
‘time, as I now do, if I had not been 


after their introduction, found described | { } 

in a number of periodicals. This has | asked to do so by certain prominent men 
been conspicuously the case since the) within this society. ; 

foundation of the Iron and Steel Insti-| As the leading principle pervading the 
tute, which I now have the honor of ad- whole of modern iron manufacture, it 
dressing, and which has been beneficial must in the first place be pointed out 
in so high a degree to that branch of | how the cinder-free ingot, iron and steel, 
metallurgy to which its attention is more is always more and more supplanting the 
particularly devoted; for at its meetings, |0ld cinder-mixed wrought iron. This 
as is well known, the most pressing ques- | change, as is well known, derives its real 
tions affecting the production of iron and | origin from the time of Mr. Bessemer’s 


steel have been discussed with eminent | grand invention, which marks an = 
his 


practical knowledge from every point of|in the history of the iron trade. 
view, and many facts highly interesting | important change in the process has also 
to the manufacturer, and of which, with- | been powerfully assisted by the diminu- 
out intervention of this excellent associ-| tion in the cost of fusing iron and steel, 
ation, mankind would at most have had| Which has been placed within reach by 
but a faint idea, have been, thanks to | the important application of the so-called 
your “Transactions,” disseminated over | Tegenerative principle by our honored 


the whole world. In this connection I president, Dr. Siemens. For, as we all 
must also ask to be allowed to point out know, it is not enough that crucible steel 
another advantage which this association | Can by means of this furnace be made 


has brought about. Ten years ago there; more cheaply, but the Siemens furnace 


still prevailed at many iron and steel, ; t i 
‘hope of being able, without the help of 


works a very great reluctance to open 
their doors to strangers, and many an 
establishment which now willingly ad- 
mits strangers was then, if not altogether, 
shut, at least not accessible in the same 


degree as now. Who can well deny that | 


the opinions expressed by the Institute 
conducted in a very great degree to 
bring about this change? And, further, 
that the facilitated access to iron and 
steel works has greatly promoted a gen- 
eral knowledge of the latest advances 
and improvements? A certain result, 
however, of all this is, that an iron met- 
allurgist, who has properly kept pace 


* Iron and Steel Institute. 


itself has also realised the long-cherished 


the costly crucible, to melt steel and iron. 
Open-hearth metal may be said to have 
celebrated its baptismal ceremony just at 
the last Paris Exhibition, when it was 
named, after its first maker, Martin 
metal. The Bessemer manufacture, 
though then ten years old, may be said 
to have been at the same time in its 
childhood ; and though much railway 
material of Bessemer metal was shown 
at that Exhibition, the opinion of its 
goodness was yet so little established 
that there were works which, under the 
common appellation cast steel, sought to 
conceal that their products were manu- 
factured by the Bessemer process. 
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How different is the aspect of affairs | 
to-day, after an interval of only eleven 
years ! Although many a Bessemer works 
now employs materials inferior to those 
then used, none seeks any longer to con- 
ceal its Bessemer manufacture, but with | 
pride exhibits its Bessemer rails, which, 
as is well known, are now in process of | 
completely supplanting rails of puddled | 
iron; and one can form some idea of the | 
completeness of the arrangements for | 
rolling Bessemer rails by inspecting the 
rails from Seraing, 55 metres in length; 
from Charles Cammell and Co,’s, 43 
metres; and Brown, Bayley, and Dixon’s 
rails, 130 feet long, rolled direct from the 
ingot without intermediate heating. 
Sweden had, indeed, already, at the Paris 
Exhibition of 1867, shown the finest 
razors and other similar wares of Bes-| 
semer metal, and in the manufacture of 
cutlery in Sweden this material is now 
almost exclusively employed. Styria 
had likewise then to offer beautiful work 
of embossed Bessemer metal; but these 
cases formed at that time rare excep-, 
tions, depending on the special goodness 
of the ores which were employed in the 
Bessemer manufacture of those countries. 
For some time Bessemer metal was al- 
most exclusively confined to the manu- 
facture of rails and some other descrip- 
tions of railway material. The Exhibi- 
tion of 1878, on the contrary, affords 
clear evidence that Bessemer metal is 
now in most countries employed for pur- 
poses for which only a few years ago it 
was not generally considered sufficiently 
good. It appears also to have already 
become very evident that the formerly 
only too prevailing view that Bessemer 
metal must necessarily be inferior to 
other ingot metal only resulted from cer- 
tain Bessemer works which produced 
both Bessemer and open-hearth metal, 
employing for the former more impure 
materials than for the latter. Where 
similar materials are used in each case, 
the ingot metal may be as good from the 
Bessemer converter as that from other 
sources. In other words, the quality of 
the ingot metal is not so much depend- 
ent on the methods, Bessemer, Siemens- 
Martin, or crucible melting, as on the 
purity of the materials, and the care with 
which the products are sorted according 
to their degree of hardness. To sum up 
here all the purposes for which this Ex- 


| 


hibition proves that Bessemer metal has 
been employed would carry us beyond 
the compass of this short paper, but it is 
perhaps right to point out some of them. 


/Thus in the French division, Lobel and 


Turbot exhibit heavy chains, welded in 
the common way, made of Bessemer iron 
from La Société des Forges de Dénain et 
d’Anzin. In the same way, Ernest Der- 
vaux-Ibled manufactures railway wagon 
couplings, screw-bolts, and other similar 
articles of Bessemer iron, from the Bes- 
semer works just named. Further, not 
only. several French makers, such as 
David, Damoizeau, Doremieux Fils and 
Cie., and the Société de Commentry 
Fourchambault, but also Brown, Bayley, 
and Dixon, of Sheffield, have exhibited 
heavy Bessemer chains without weld, 
produced on nearly the same principle as 
has long been employed for lighter 
chains, as dog-couplings and such like. 
La Compagnie des Fonderies, Forges, et 
Acieries de Saint Etienne exhibits Bes- 
semer rings for cannon. Similar articles, 
we learn, are also produced at Seraing, 
whose beautiful display, like several 
others, as, for instance, those of the 
Oesterreichische Staats Eisenbahn Ges- 
ellschaft in Hungary, and Demidoff in 
Russia, comprehend good boiler-plate of 
Bessemer iron. Similar boiler-plate was 
also exhibited by the West Cumberland 
Iron and Steel Company, and to give an 
idea of its good quality, a large hole has, 
by the help of dynamite, been driven 
through the middle of the plate without 
its being possible to see that any portion 
of the plate has been wrenched away by 
the violent ‘explosion; for the hole is 
bounded by edges that have been bent out 
at right angles, but have not been torn off. 
Both the evenness and excellent quality 
of the Bessemer, as well as the Siemens- 
Martin plate, and the very great superior- 
ity of both over plates of puddled iron, 
are seen most clearly by the exhibit of 
the Swedish Iron Board (Fercontoret), 
which shows that the ingot plate, when 
tested with a falling weight, withstood 
from five to nine blows from a height 
of 4.5 metres without the least fail- 
ure; while the Swedish iron plate only 
withstood four to six blows of the 
same weight from a height of only 1°5 
metre, or a third of the height in the 
ingot-plate tests. Further, in these tests, 
with a falling weight, the buckling be- 
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fore the least sign of fracture averaged 
150 to 160 mm., while the Swedish plate 
of puddled iron never permitted before 
fracture greater buckling than 104 mm. 
Nevertheless, the Swedish iron plate was, 
as such, of very superior quality, for 
tests, made with the same falling weight; 
of best best Staffordshire and best York- 
shire plates showed that the former gave 
way at the first blow from a height of 
only 1 metre, while the Yorkshire plate 
at the utmost withstood three blows from 
a height of 1.5 metre, and showed in 
that case a buckling of 68 mm. When 
the height of fall of only 1.5 metre used 
for the puddled plates was employed for 
the ingot plate the latter withstood 
twenty-five blows, while, on the other 
hand, the weight at the first blow passed 
through even the Swedish plate of pud- 
dled iron when the fall-height of 4.5 
metres used for the ingot plate was also 
employed for it. Tests were also made 
for the ingot plate with a fall from a 
height of up to 9 metres, when it with- 
stood before fracture three blows with 
the same buckling as in the case of the 
lower height, also before fracture. Plates 
of Swedish iron made on the Lancashire 
hearth, as might have been expected be- 
forehand, appeared in respect to its 
qualities to lie between those of puddled 
iron and those of ingots, inasmuch as it 
was much better than the former, but far 
inferior to the latter. The ball used as a 
falling weight in all these tests had a 
weight of 875 kilogs., spherical in its 
lower end, and a diameter of 253 mm. 
The interior diameter of the iron foun- 
dation to which the plates were fastened 
during the tests with thirty-six rivets in 
a double row was 537 mm. The diameter 
of the falling weight was thus to the 
diameter of the part of plate exposed 
to buckling as 10 to 21. All the plates 
were 9 mm. thick and 1 metre in diame- 
ter. 

These experiments, besides, show how 
enormous is the influence which the con- 
tent of phosphorus exercises on the 
power possessed by iron of resisting 
blows; for the main difference between 
the chemical composition of the different 
puddled plates lay in their quantity of 
phosphorus, for while the Swedish pud- 
dled plates contained only 0.016 to 0.021 
per cent. of phosphorus the percentage 
in the Yorkshire plate was 0.094, and in 


the Staffordshire plate, 0.203. In addi- 
tion to this difference in the content of 
phosphorus, there is also in the Stafford- 
shire plate a larger quantity of silicon, 
or more probably of cinder. No proper 
difference between Bessemer and Sie- 
mens-Martin plates could be discovered 
in the course of these experiments, which 
comprehend both complete analyses and 
tension tests. Yet it almost appears as 
if the Martin plates have a somewhat 
greater ductility than Bessemer plate 
with the same content of carbon. This 
is also confirmed by the numerous and 
complete tables of breaking and other 
tests included in the beautiful exhibit of 
the Oesterreichische Staats Eisenbahn 
Gesellschaft. From these it appears to 
follow that the Bessemer metal made by 
this company at Reshicza has, in general, 
a somewhat greater tensile strength, but, 
at the same time, also less ductility, than 
Martin metal of corresponding degrees 
of hardness from the same works. These 
differences, however, probably depend 
not so much on the method of produc- 
tion as upon a trifling excess of the con- 
tents of phosphorus and silicon in the 
Bessemer over the Martin metal, made 
from materials of equally good quality. 
The Siemens-Martin lends itself more 
readily than the Bessemer process to the 
production of large and heavy pieces, in- 
asmuch as there is naturally much less 
difficulty in simultaneously melting in 
several large Siemens furnaces, for which 
no blast is required, that in blowing in at 
the same time several Bessemer convert- 
ers. This is also the reason why the 
Compagnie des Forges et Aciéries de la 
Marine et des Chemins de Fer, which 
uses Bessemer metal for its smaller can- 
non, makes the larger of open-hearth 
metal. The largest ingot which is to be 
found in the Exhibition was, probably, 
from the cause just named, made by the 
Siemens-Martin process. For Creusot 
shows in its splendid and well-filled Ex- 
hibition pavilion a representation in 
natural size of an ingot made in this way, 
weighing 120,000 kilogs. The largest 
actual ingot which is shown is also made 
by the same process, and is to be seen in 
the no less beautiful exhibit of the above- 
named Compagnie des Forges et Aciéries 
de la Marine. Siemens-Martin iron is, as 
is well known, employed to a greater ex- 
tent than Bessemer for plates, axles, and 
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other nice purposes, of which also the | instead of making it of a single large 
Exhibition yields such numerous speci-|ingot, is grounded on the fear that if 
mens that it is perhaps unnecessary to|there be any defect in the ingot, the 
notice any separate examples. I there-| whole of the plates made from it would 
fore confine myself to pointing out how, | thereby be rendered unserviceable, while, 
among others, both the above-named |on the other hand, when many different 
works, the Compagnie des Forges et | layers are welded together, a defect oc- 
Aciéries de la Marine and des Chemins | curring in any of them would not have 
de Fer and Creusot, use Martin steel for | so great an influence on the plates. The 
rings and tubes for cannon, and Martin | maker of such plates is, in other words, 
iron for heavy armor plates. John Brown | influenced in this point by the same fear 
and Co, and Charles Cammel and Co. also| which leads to rings for cannon being 
exhibit heavy armor plates, consisting| produced by the welding together of 
partly of ingot iron, for these plates are | spirals, instead of making them in the 
not exclusively made of it, but consist of |common way for tiers by the punching 
about half of puddled and half of ingot|and rolling of an ingot. In the same 
iron. The plates are said not to be| proportion, however, as greater experi- 
welded together in the common way of | ence and care lead to greater success 
thick puddled and ingot iron laid upon | being attained in producing more reliable 
each other, but we learn that the union | ingots, the more complex method of pil- 
of the different sorts of iron is brought |ing and welding ought to be less fre- 
about at the former works by casting| quently used. In any case, the series of 
fused iron over a properly-heated pud-| experiments on plates above referred to 
dled iron plate provided with a high iron as included in the exhibits of the Swedish 
border, while Cammel makes his double | Iron Board, are in my opinion so con- 
plates by melting down the ingot iron in |clusive as to the superiority of the ingot 
a furnace whose bottom, so to speak, con- | plates over the puddled plates in the case 
sists of the puddle iron plate, and then | of violent blows, that there can scarcely 


letting them cool together. Both these | be any doubt but that soft ingot iron will, 
processes are, of course, finished by roll-|in course of time, completely replace 


ing. The methods of working just de-| puddled iron for armor-plates. ‘The dif- 
scribed, as well as the fact before refer-| ficulty is to find the right degree of soft- 
red to, of Bessemer chains without and | ness and to learn properly to handle the 
with weld, certainly prove the ground-|less easily-managed ingot iron. The 
lessness of apprehended difficulties in the largest armor-plate which the Paris Ex- 
welding of ingot iron. That heavy armor | hibition has to offer is of puddled iron, 
plates even can be produced of pom ee by Marrel Fréres, and has the fol- 
hearth metal, by piling and welding to-|lowing dimensions:— Length, 4.250 
gether in the way commonly used for | metres; breadth, 1.600 metre; thickness, 
puddled iron, is, however, shown by the|0.715 metre; and weight, 38,022 kilogs. 
Compagnie des Forges et Aciéries de la | As we have now seen not only how soft 
Marine, which, along with its ingot | ingot steel, but in recent times even soft 
plates, made each of an ingot, also shows | ingot iron, has begun more and more to 
an armor-plate 0°56 metre thick, 4-20 | take the place of wrought iron, it may 
metres long, and 1°42 metre broad, | not perhaps be out of place to point out 
weighing 26,500 kilogs. This plate was | in a few words how it has become possi- 
produced by piling and welding together | ble to produce this soft ingot iron which 
an anormous number of ingot iron bars. | has shown itself to be so superior. There 
Besides, not only two Swedish exhibits, | are, indeed, some exceptional Bessemer 
but also those of the Qesterreichische works, as, for instance, Westanfors in 
Staats Eisenbahn Gesellschaft and others Sweden, where, without any extra addi- 
afford the clearest evidence that if the| tion, the softest iron can be made with- 
ingot metal is only of sufficiently pure | out its suffering from any red-shortness, 
quality, it is possible to weld completely, | and this, as is well known, is more easy 
not only the softest qualities, but also | of accomplishment in proportion as the 
very hard Bessemer and Martin metal. pig iron employed contains, on the one 
The idea of producing armor-plates by hand, more manganese, and, on the other, 
piling and welding together ingot iron, less sulphur. If a product free from red- 
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shortness is to be obtained, however, it is | that very soon ferro-manganese made in 
in general necessary, at the close, not|a Siemens furnace with from 50 to 60 
only of the Bessemer, but also of the) per cent. manganese was offered for sale. 
Siemens-Martin process, to add an iron; The process of manufacture was still, 
more or less rich in manganese, and the | however, costly, and the product, there- 
quantity of manganese added must in- fore, dear. The price, on the other hand, 
deed be greater in the same proportion fell rapidly, when by the help of regen- 
as the product is desired to be softer or | erative heating apparatus of the Siemens- 
poorer in carbon. This was the reason; Whitwell or Siemens-Cowper systems 
why Bessemer and Martin iron of proper|and very basic charges, success was 
softness could only be produced excep-| attained in producing in coke furnaces 
tionally until there was a supply of iron | ferro-manganese compounds, with over 
compounds very rich in manganese. For 80 per cent. manganese. Of the exten- 
as compounds of iron and manganese sion which the manufacture of ferro- 
commonly contain more than 4.5 per cent. | manganese in the blast furnace has since 


of carbon, no great quantity of such a| 
compound can be added, even to the iron 
poorest in carbon, without the content of 
carbon in the final product being so great | 
that it ought not to be counted as iron, 
but as steel. As now, as has been stated, 
an addition of manganese, the amount 
of which must be ascertained in every 
separate case, in order that an ingot 
metal decarburetted to a certain degree 
shall be free of red-shortness, it follows 
that the richer in manganese the added | 
substance is, the less of it requires to be | 
used, and the less carbon accordingly is 
carried into the final product, or, in other | 
words, it can be made the softer. This) 
was already seen by several persons in 
the middle and towards the close of the 
decade 1860-70, and in particular, Mr. 
Kohn sought by articles in the news-| 
paper Engineering to draw the attention 
of the makers of Bessemer and Siemens- | 
Martin metal to the importance of using 
the iron compounds then considered rich 
in manganese, as containg 20 to 30 per 
cent., which were manufactured by Mr. | 
Henderson at Glasgow in 1866 and 1867. | 
This advice, however, was fruitless, and 
the manufacture of ferro-manganese soon 
came to an end from want of demand 
for the costly product. The matter, how- | 
ever, was soon taken up again hy Ter- | 
renoire, which, thanks to its eminent en- 
gineer, Mr. Walton, understood better 
than other Bessemer works, the advanta- 
ges which more manganiferous iron com- 
pounds were calculated to confer, and 
therefore purchased not only Henderson’s | 
but also Prieger’s patent for the manu- 
facture of ferro-manganese. 

Since Terrenoire took the matter in| 
hand the methods of producing this) 
article have been rapidly improved, so) 


undergone, the Exhibition gives a good 
idea, inasmuch as specimens, with more 
than 70 per cent. manganese, are shown 
by so many works that it is, perhaps, 
unnecessary here to enumerate them. 
The richest in manganese, with 87 per 
cent., is, however, made by les hauts 
fourneaux de Saint Louis, at Marseilles, 
now the seat of the most extensive 
manufacture of ferro-manganese. The 
furnaces under the management of 
Professor Jordan are, besides, the first 
which in France began to utilize on a 


great scale the rich and pure ores in 


which the coasts of the Mediterranean 
are so rich, and which have become of so 
great importance for the French iron 
manufacture. Besides spiegeleisen and 
ferro-manganese, there are manufactured 
here, all with coke, pig for steel for 
puddling, as well as Bessemer and Mar- 
tin pig, along with a pig which is 
employed in competition with charcoal 


pig in Franche Comté forges, and finally, 


pig for malleable castings. The supply 
of ferro-manganese has ied to a new 
method being employed for utilizing old 
worn-out rails, rich in phosphorus, begun 


‘at Terrenoire in 1874, and since very 


extensively followed. It has been long 
known that phosphorus has to a certain 
degree the same influence on the qualities 


of iron as carbon, inasmuch as both these 


substances diminish the ductility of the 
iron, but increase its hardness, modulus 


of elasticity, tensile strength, and dispo- 


sition, when heated, to take the crystal- 
line texture, with the resulting difficulty 


,of working at very high temperatures, 
_and brittleness in the cold state. 


The 
great difference between the influence of 
the substances, however, is that the 
action of carbon is much greater than 
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that of phosphorus in improving the 
qualities of iron by increasing its hard- 
ness, modulus of elasticity, and tensile 
strength, while on the other hand the 
influence of phosphorus far surpasses that 
of carbon in deteriorating its qualities 
by increasing the disposition to form 
erystals and by diminishing the ductility. 
Further, it had also been ascertained that 
the influence of phosphorus on the 
qualities of iron is increased in a very 
high degree by the simultaneous pres- 
ence Of a large content of carbon, so that 
the change in its qualities depending on | 
a certain content of phosphorus is much 
greater in a steel rich in carbon than in 
an iron poor in carbon, These relations 
Terrenoire turned to account in the em- 
ployment of its ferro-manganese. For 
by its help, it could, as has been already 
said, without danger of red-shortness, 
produce a final product so poor in carbon 
that the injurious influence of phosphor- | 
us upon it became much less than it 
otherwise would have been. Besides, it 
was possible, without to great an in- 
crease in the content of carbon, to obtain | 
in the final product a_ considerable 
content of manganese, which had the 
double advantage that the manganese 
appeared at the same time to counteract 
the injurious influence of phosphorus on, 
the iron, and in some degree to increase 
its hardness. The result of all this is, 
that while in so simple an object as rails, 
the quantity of phosphorus that could 
be permitted in an ingot steel with 0.5 to 
0.6 per cent. carbon was scarcely 0.1 per 
cent., there may now with 0.2 to 0.3 per 
cent. carbon and 0.5 to 1.00 per cent. 
manganese be as much as 0.2 to 0.3 per 
cent. phosphorus. For rolling rails con- 
taining so much phosphorus there is 
required a more powerful rolling train 
than for purer carbon steel rails, partly 
because the more phosphoriferous ingot 
metal requires a greater extension, in 
consequence of which the ingots must be 
larger, and partly because ingot metal 
containing an excess of phosphorus can- 
not bear to be heated to so high a 
temperature as the less phosphoriferous. 
Nevertheless the product is, of course, 
inferior, both through increased brittle- 
ness and diminished hardness; but it 
appears as if it might be good enough 
for rails, at Jeast in countries with a mild 
climate, and great are the advantages 


which the metallurgist has already been 
able to draw from this, not only in 
melting down and re-rolling old iron 
rails, but also through its being possible 
to use at Bessemer works a somewhat 


‘more phosphoriferous pig than before. 


In connection herewith I also beg to be 
allowed to point to the interesting series 
of experiments on the influence of car- 
bon, phosphorus and manganese, on the 
physical qualities of iron, shown in the 
exhibits of Terrenoire. In general these 
experiments confirm what was before 
commonly accepted in this way, but 
there is one thing that forms an excep- 
tion to this. The tension experiments 
made in Sweden appeared to show that 
the percentage of elongation at breaking 
is diminished with the content of phos- 
phorus, while from the Terrenoire 
experiments, on the other hand, it 


appears as if a content of phosphorus of 


up to 0.3 per cent. had no special influ- 
ence on the percentage of elongation at 
breaking. Should this observation come 
to be confirmed by continued experi- 
ments, it would afford the clearest proof 
of the insufficiency of tension tests alone 
as a means of judging of the goodness of 
iron, for the Terrenoire and the Swedish 
experiments agree in another point, 
inasmuch as they both show that phos- 
phorus very considerably increases the 
sensitiveness of iron to blows. Even if 
tension tests of phosphoriferous iron 
give excellent results, increased tensile 
strength and undiminished percentage of 
elongation, it is nevertheless both in tests 
of a falling weight and of daily experi- 
ence a settled matter that an exceeding- 
ly small content of phosphorus has an 
injurious influence on the power of 
resisting blows even of iron poor in 
carbon. It is not, therefore to be 
wondered at if the metallurgist devotes 
the greatest attention to the important 
question how phosphorus can be re- 
moved from iron. That this may be 
done to a high degree by suitable pud- 
dling at the same time that the quantity 
of phosphorus remaining in the puddled 
iron has not so injurious an influence on 
it as it has upon the more cinder-free 
refined iron of the Lancashire fire, and in 
a yet higher degree upon the quite 
cinder-free ingot iron, are facts which 
have been long known. This is, perhaps, 
easily explained by the Jamelle of cinder 
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counteracting the crystalline texture, 
with the resulting brittleness which 
phosphorus produces. Again, that pud- 
dling purifies from phosphorus so much 
more than the other refining processes 
depends, as is well known, on the cir- 
cumstance that phosphorus must be 
removed from iron as a salt of phosphor- 
ic acid passing into the cinder, and 
neither the Bessemer nor Lancashire 
refining processes admit of this in a' 
degree comparable with puddling. In 
order that the salt of phosphoric acid 
may be able to remain unchanged in the 
cinder, the latter must not be too acid or 
rich in silica, and its temperature must 
not be too high, for then the silica drives 
out the phosphoric acid, which, when set 
free, is immediately reduced by the 
carburetted iron with which it comes in 
contact, and enters into combination 
with the same. This is the case in the 
Bessemer process. Again, that Lanca- 
shire refining purifies iron from phos- 
phorus in so much smaller a degree than 
puddling depends, without doubt, on the 
fact that charcoal in the open hearth is 
found in contact both with the iron and 
the cinder; and though the latter is 
commonly somewhat richer in protoxide 
of iron than in the case of puddling, and 
therefore ought to purify still more from 
phosphorus, this action is neutralized by 
the pieces of charcoal present, which 
reduce most of the phosphoric acid con- 
tained in the cinder that has passed into 
it, and thereby returns the phosphorus 
to the iron. 

To how great a degree success has re- 
cently been obtained in freeing iron from 
phosphorus by adding rich iron ore or 
other materials rich in oxidized iron 
during puddling. appears very clearly 
from several French, Belgian, and 
English exhibits, which, though the ores 
employed are so phosphoriferous that 
their pig contains 1 to 1.5 per cent. phos- 
phorus, yet show so beautiful cold work- 
ed specimens of their iron, that one not 
familiar with the facts would have diffi- 
culty in believing that the raw materials” 
employed were so rich in phosphorus as 
in fact they were. All other exhibits of 
puddled iron are, however, in this re- 
spect far surpassed by that of Hopkins, 
Gilkes, and Co. of Middlesbrough, which 
show cold-worked samples of such excel- 
lence of iron, that one would far more 
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readily believe that they were made from 
ores nearly free from phosphorus than 
from those of Cleveland, famous for the 
quantity of this substance which is found 
associated with them, and which yield a 
pig containing 1.5 per cent. This iron 
is made, as is well known, in rotating 
puddling furnaces; and it ought to be a 
pleasure for all who have taken part in 
the difficulties with which machine pud- 
dling has had to contend, to see that un- 
tiring perseverance appears at last to 
have gained its well-deserved reward. 
It would, however, ill become me to seek 
to enter further on the question of the 
superiority of the rotating puddling 
furnaces over fixed ones, as it is just this 
honored Association which has spread 
abroad nearly all the knowledge that is 
to be found regarding this subject. As, 
however, at the meetings of this Insti- 
tute different furnace constructors have 
sometimes sought to hold out the greater 
effectiveness in purifying from phosphor- 
us, as specially distinctive each of his 
own puddling furnace, I cannot omit to 
give expression to the view that it ought 
to be a point of superiority, common to 
all rotating puddling furnaces, that they 
purify from phosphorus more than fixed 
ones; for the more the phosphoriferous 
iron is exposed to the action of the fet- 
tling, rich in protoxide of iron, the more 
phosphorus ought to be removed; and it 
would be perhaps difficult to bring about 
in a fixed furnace a contact between 
these materials so often repeated as is at- 
tained by the rotating puddling furnace 
without manual labor. Iron made in the 
rotating puddling furnace is also exhibit- 
ed both by Creusot and by the Compagnie 
des Forges de Donain et d’Anzin. The 
latter works has a Crampton’s far- 
nace, while Creusot has for more than two 
years had at work two modified Danks 
furnaces, with a double plate covering, 
through which water circulates. Such a 
furnace is to be seen in the magnificent 
pavilion of Creusot. The iron made with 
it is stated to be nearly free from phos- 
phorus, but it is also manufactured from 
a pig very poor in phosphorus. It is 
clear from the foregoing that one way of 
producing ingot metal, even from very 
phosphoriferous pig, would be first to 
puddle it in a rotating furnace, and then 
to fuse the puddled iron thus obtained 
with pig poor in phosphorus. But, on 





466 VAN NOSTRAND’S ENGINEERING MAGAZINE. 
the one hand, such puddled iron, not- | some districts, as is well known, a pre- 
withstanding the beautiful cold-worked | paratory refining process in a separate 
specimens exhibited, is not in general so| hearth or furnace, after which the pig 
poor in phosphorus as is desirable for in-| which had undergone this process was 
got metal of first-rate quality, for Hop-| finally refined to malleable iron in an- 
kins, Gilkes, and Co.’s iron, according to| other hearth or furnace. The object of 
the analyses given, contains from 0.08 to/| this preparatory refining was partly to 
0.17 per cent. phosphorus; and, on the | diminish the content of silicon in the pig 
other hand, such iron, up to this time at | iron, and thereby render it more suitable 
least, has not been made so cheaply that | for the final refining process, and partly 
it could be expected to compete in the | to diminish the percentage of phosphorus 
way that has just been pointed out with/in the pig iron, and thus obtain a less 
Bessemer metal, now so low in price. |phosphoriferous final product. Both 
The great importance which the ques- | these objects Mr. Bell has had in view 
tion of how ingot metal is to be produced | with this process, but he has succeeded 
from very phosphoriferous raw materials | far better in attaining them than had 
has, for such a district as that of Cleve-| been done previously, the reasons of 
land, gave occasion, as is well known, to| which we shall soon see. In the com- 
the very thorough and interesting re- | mon running-out fires the pig iron is 
searches of Mr. I. Lowthian Bell. 





With | melted in contact with the fuel, and even 
the same frankness and love for scientific if substances rich in oxidized iron are 
enlightenment which induced him | added to it, it is certain that the purifica- 
formerly to lay before this Institute his| tion from phosphorus can never in this 
comprehensive researches regarding the | way be complete; but when we consider 


| 


blast furnace, which placed it in an alto-| the fact already stated, that the Lanca- 
gether new light, he has also, in several | shire hearth refining purifies from phos- 
memoirs which have been read with the| phorus to a very inconsiderable degree, 
greatest interest over the whole world, | we rather find occasion for surprise that 
given an account of his attempts to| the common running-out process can take 


purify pig iron from phosphorus. By away so much phosphorus as it does. 
these experiments Mr. Bell has, in the | The reason, however, lies in the following 
most indubitable way, not only confirmed | two differences between hearth-refining 
and thrown still further light on what|and the running-out process:—(1) In 
science had formerly more or less thor- | the former the phosphorns, which has 
oughly ascertained in this department, | been taken up by the cinder as a salt of 
but he has, moreover, succeeded in de-| phosphoric acid, comes into simultaneous 
vising a method of applying on a great| contact with carbon and more or less de- 


scale the scientific results at which he has | 
arrived. He has also communicated 80 | 
much on this point to this Institute that 
it would be unnecessary, not to say im- 
proper, for me to discuss this subject 
further, were it not the aim of this paper 
to endeavor to point out the most inter- 
esting objects which are to be found in 
the Paris Exhibition relating to the 
manufacture of iron and steel; and what 
iron metallurgist can well deny that Mr. 
Bell’s exhibit has an interest with which 
scarcely any other than that of Terre- 
noire can come into comparison. I 
ought, therefore, perhaps to be forgiven 
if, notwithstanding all that Mr. Bell him- 
self has already communicated to this 
Association regarding his plan of puri- 
fying from phosphorus, I, too, beg to say 
a few words on this subject. For a long| 
time back there has been employed in| 





\ 


carburetted iron, and it is a fact, which 
is proved by several circumstances, that 
iron combines both with phosphorus and 
several other metalloids with greater at- 
tractive force in proportion as it is purer 
and more refined. In the running-out 
fire, on the contrary, the pig iron is never 
decarburetted in any noteworthy degree, 
and it therefore never acquires so strong 
a disposition to reduce the phosphorus 
out of the cinder and again enter into 
combination with it. In the running-out 
fire, too, the fused iron in general does 
not come into simultaneous contact with 
the cinder and carbon, but a cinder bath 
is interposed between the fused iron and 
the carbon, while, on the contrary, the 
iron during the operations in the refining 
hearth comes into such simultaneous 
contact with the cinder and carbon as 
has as its result the reducing of the 
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phosphorus and its re-combination with 
the iron. (2) In the refining hearth the 
iron is subject during the latter part of 
the process to a higher temperature than 
is the case in the running-out fire. 

The running-out fire process has excep- 
tionally been carried on in a reverbera- 
tory furnace without contact with the 
fuel, and as the purification from phos- 
phorus which takes place in the puddling 
furnace is so much more complete than 
that which is accomplished in the Lanea- 
shire refining hearth, we might well have 
supposed that a reverberatory furnace 
would be distinguished in the same way 
in comparison with a common running- 
out fire. As reverberatory furnaces have 
been arranged, this, however, has scarce- 
ly been the case; and the reason of thiis 
is not difficult to find, when we consider 
that such furnaces have been lined with 
sand or masses of quartz, which prevent 
the cinder from being sufficiently basic 
or rich in oxidized iron; and we ought 
never to forget the fact already touched 
upon, that, if any considerable purifica- 
tion from phosphorus is to be brought 
about, the cinder must always be.kept 
so basic that the silica is well saturated, 
and so has not too strong a disposition 


to liberate from the cinder the phos- 


phoric acid, which is then reduced, 
and enters into combination with 
the iron as phosphorus. All these de- 
fects, inseparable from the old method 
of refining, Mr. Bell has now succeeded 
in avoiding by running pig iron rich in 
phosphorus into a reverberatory furnace, 
lined with iron ore, or some other sub- 
stance, rich in oxidized iron, and then, at 
a temperature not exceeding that which 
is required to keep the pig fluid, by 
bringing about, either by the nature 
of the furnace itself or by stirring, a 
powerful action of the peroxide of iron 
on the pig. The result of this has been 
striking; a ton of molten pig iron, with 
1.8 per cent. silicon, 1.4 per cent. phos- 
phorus and 3.5 per cent. carbon, being 
changed in ten minutes into a product 
with only 0.05 to 0.1 per cent. phos- 
phorus and 3.3 per cent. carbon. The 
waste is only about 2.5 per cent. Several 
different kinds of reverberatory furnaces 
have been tried for this purpose, but 
that which for the present is believed to 
be the most suitable is Pernot’s flat fur- 
nace on an inclined axle. The refined 


pig is run out into cakes, which it is then 
the intention to melt down, along with 
some rich iron ore poor in phosphorus, 
in a Siemens regenerative furnace with- 
out crucibles, to ingot metal according 
to the Landore method, Mr. Bell, how- 
ever, has not for the present any such 
furnace at his dispdsal; and the specimens 
‘of ingot metal included in his exhibit, 
accordingly, have not been produced by 
| himself, but have been prepared accord- 
‘ing to his method from Cleveland pig at 
| Woolwich, where the smelting has pro- 
ceeded in a furnace of Mr. Price’s well- 
known construction. This has its pecu- 
‘liar interest, as the circumstance that 
soft steel and iron may be kept fused in 
| Price’s furnace further confirms the fact 
already proved by the low consumption 
of fuel, that this furnace is in a high de- 
gree regenerative. As Mr. Bell’s pro- 
cess has only been employed experiment- 
ally, it is of course yet too early to give 
an opinion on its future. The first ques- 
tion with reference to it is, whether it 
can be got to work so uniformly that the 
purification from phosphorus will be al- 
| ways equally complete, and the product 
accordingly quite reliable. This ought 
‘best to be attained by the help of a self- 
acting furnace. The second question is 
whether this method can be made cheap 
enough, so that the ingots thereby pro- 
duced will be able to compete in work- 
ing expenses with Bessemer ingots. A 
main factor in judging of these questions 
is the endurance of the lining of the re- 
fining furnace. If it can be got to stand 
| pretty well, the process itself goes on so 
fast that the refined product must be 
'quite cheap. As, besides, it consists 
almost exclusively of iron and carbon, its 
decarburretting with rich ore ought to 
|proceed in a considerably shorter time 
than is commonly required for the open 
hearth process, and there thus appears to 
be a good prospect of producing from a 
pig, rich in phosphorus, an ingot metal 
both cheaper and poorer in phosphorus 
than is possible by machine puddling. 
The final determining factor will, of 
course, be the difference in Bessemer pig 
produced from ores poor in phosphorus, 
and the Cleveland rich in phosphorus, and 
| Mr. Bell’s process ought, therefore, at 
least, to become a regulator of the excess 
in price of the sorts of pig which are poor 
| over those which are rich in phosphorus. 
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As the drawn out ingot metal has re- 
cently more and more replaced the 
wrought iron, steel castings have also 
more and more encroached upon the ter- 
ritory’ of iron castings, inasmuch ‘as a 
great many things; in which more than 
ordinary strength is required, are now 
cast in steel instead of iron. For this 
purpose crucible steel has been used for 
a long time back, but it has since become 


more common to employ, not only Sie- | 


mens-Martin, but also Bessemer steel. 
The Exhibition is so rich in Siemens- 
Martin castings, that it would not repay 
the trouble to enumerate the different 
exhibitors, but Angleur, in Belgium, 
ought, perhaps, to be mentioned as ex- 
hibiting Bessemer castings of more than 
common merit. In order that the cast- 
ings may be considered of first-rate 
quality, it is, of course, requisite that they 
be compact, and the greatest difficulty in 
their production is, as is well-known, 
just the fulfilment of this main condition. 
As the blow-holes in steel are caused by 
the escape of gases which have not reach- 
ed the upper surface of the casting 
_ previous to its cooling, and as, further, 
this escape of gas arises partly from the 
gases which the steel has taken up during 
its formation or melting, and partly from 
the carbonic oxide which is formed by 
the action of the oxygen distributed 
through the steel, or, perhaps, more cor- 
rectly of oxide of iron upon the carbon 
of the steel, it is easy to understand that 
the difficulty of getting steel castings 
compact is least with crucible melting, 
greater with the Siemens-Martin, and 
greatest with the Bessemer process. So 
long as the castings are made of hard 
steel, the difficulties in this respect are, 
however, comparatively easy to get over, 
but in steel castings a greater ductility 
is often required than that which hard 
steel possesses, and it is, therefore, neces- 
sary in many cases that the steel be soft, 
with only 0.5 to 0.6 per cent. of carbon. 
A very common way of attaining this 
end is to cast pieces of very hard steel, 
and afterwards, in the same way as is 
common in the production of malleable 
castings, to subject them to heating in a 
powder of oxides of iron, which dimin- 
ishes the content of carbon in the steel 
castings from without inwards. Com- 
pact steel castings, with the ductility in- 
creased in this way, are also exhibited 


from several works, as, for instance, by 


Dalifol in Paris and G. Fischer at Schaff- 
hausen. A method that has been long 
employed to promote freedom from 
blow-holes in steel castings is to add a 
pig iron rich in silicon to the soft steel 
while it is being melted, for the thus in- 
creased content of silicon in the steel 
counteracts, as is well known, both the 
taking up of gas during melting and the 
formation of carbonic oxide during the 
cooling of the cast steel. The common 
content of silicon in the products of vari- 
ous works famous for their compact 
steel castings has, therefore, been about 
0.30 per cent. Thanks to its more than 
ordinary skillful engineers, M. Walton 
and his successor M. Pourcel, and a man- 
agement with correct application for the 


‘requirements of the times, Terrenoire 


has now further developed this manu- 
facture by adding at the close of the 
melting of the steel so-called “ fer-man- 
ganese-silicium,” or a pig iron rich in 
manganese and silicon. The richest 


‘specimen of this which the Exhibition 


has to show contains 20.5 per cent. of 
manganese and 10.5 per cent. of silicon. 
The advantage of this is, that when the 
oxygen dissolved in the steel or the oxide 
of iron comes into simultaneous contact 
with manganese and silicon, both these 
substances are oxidized, and there is 
formed a double silicate of protoxide of 
iron and manganese, more fusible and 
fluid than the silicate of protoxide of 
iron, which is formed when only a pig 
iron is added which is rich in silicon but 
poor in or free of manganese. Through 
the greater fusibility and fluidity of the 
silicate thus formed, there is naturally a 
diminution of the danger that it will not 
completely rise to the upper surface of 
the steel and there separate itself as a 
layer of slag, but remain in the interior 
of the casting as a network, and thus di- 
minish its strength. It is clear, how- 
ever, that it is not necessary for this pur- 
pose to use “ fer-manganese-silicium,” 
which must be very difficult to manu- 
facture, inasmueh as the obtaining of the 
greatest possible quantity of manganese 
in a pig iron demands conditions on the 
blast furnace burden quite opposite to 
what is necessary for attaining the great- 
est content of silicon; for the former re- 
quires the minerals not only to be very 
rich in manganese, but also to be as basic 
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as possible, while for the production of 
silicious iron it ought to be as acid as 
possible. 
ultaneous addition of manganese and 
silicon to the steel, ought as easily to be 
attained by the addition of a fused 
mixture of ferro-manganese and a very 
silicious pig, and in such a case the dif- 
ference is small from the method formerly 
employed of using ferro-manganese in- 
stead of spiegeleisen.. The advantage of 
the Terrenoire process is thus that by 
means of it we can directly manufacture 
a softer, and in consequence a more 
ductile, but still compact product than 
was previously possible. There are also 
now produced at Terrenoire only steel 
castings poor in carbon, for the hardest, 
or those that are used for armor-piercing 
projectiles, contain, according to an ob- 
liging communication by M. Poureel, not 
more thun 0.5 to 0.6 per cent. of this 
metalloid. 

It would appear from several publica- 
tions in technical periodicals descriptive 
of the Terrenoire process, as if silicon 
has been found not only to promote the 
compactness of steel, but also otherwise 
to improve its qualities. This is, how- 
ever, by no means the case; but experi- 
ence at. Terrenoire has completely 
confirmed the old opinion, that the 
greater the content of silicon in a steel, 
otherwise of similar quality, the more 
sensitive it is to blows. The addition of 
silicon is considered simply as an evil 
necessary for the sake of the compaet- 
ness of the steel wares, and great 
importance is placed on net adding a 
superfluous quantity of silicon, in order 
that the content of it in the product may 
not be greater than is absolutely neces- 
sary. 

For ingot iron and steel, which are 
subjected to shinglivg or rolling, and 
whose blow-holes, therefore, may be 
rendered harmless by welding, M. 
Pourcel will, on no account, employ any 
addition of silicon. The most common 
content of silicon in their steel castings 
is stated to lie between 0.2 and 0.3 per 
cent., and such a content of silicon is 
considered pretty harmless. The very 
considerable percentage of manganese— 
0.55 to 0.7—which their steel contains 
doubtless contributes to this, for metal- 
lurgists had previously believed that 
they found that manganese counteracted 


The end in view, viz., the sim- | 


the injurious influence of silicon on the 
qualities of iron. 

At Terrenoire there has been a higher 
aim set up by degrees in the production 
of steel castings, and their very fine ex- 
hibit shows that they now even reckon 
on being able to substitute castings for a 
number of articles for which malleable 
iron or steel is used for the present. For 
besides armor-piercing projectiles, both 
massive and hollow, and cylinders and 
other parts of hydraulic presses, there 
are to be found exhibited not only tubes 
but also rings for cannon, cranked axles, 
and other similar unhammered castings. 
Although all these articles are unham- 
mered, both the surfaces of fracture ex- 
hibited and the tension and other tests, 
the results of which are communicated, 
show that the physical qualities of the 
finished products correspond _ pretty 
closely with those which distinguish 
hammered ingot metal with the same 
chemical composition. On this point, as 
is well known, various communications 
have not only been made to this Insti- 
tute, but others have appeared in various 
journals, and I, for my part, confess that 
nothing exerted on me a force so attract- 
ive to the Paris Exhibition as just the 


hope of being able there to find an ex- 
planation of the problem, hitherto unex- 
plained so far as I am concerned, by the 
published communications to which I 
have referred, Viz, How the qualities of 
ingot steel may be so changed without 
hammering that they become comparable 


with those of hammered steel. Nor has 
this hope been disappointed, for from the 
Terrenoire exhibit, and the printed de- 
scription of it, it is clearly evident that 
this alteration in the qualities of steel is 
brought about by hardening. A rapid 
cooling of a large piece of steel heated 
to a red heat acts upon it in quite the 
same way as a hammering, for the con- 
traction of the outer layer caused by 
cooling must bring about a powerful 
compression of the interior layers. In 
order, however, that this action be suffi- 
cient, it is necessury that the modulus of 
elasticity of the material be so high that 
the resistance of the inner layers to the 
action of the outer do not produce in the 
latter a set, or permanent extension, 
whereby the compressing action is di- 
minished. The iron intended for the 
purpose ought, therefore, not to be too 
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pure, for the modulus of elasticity of ularly employed except by Sir Joseph 
pure iron is, as is well known, very low., Whitworth and Co., Manchester, where, 
But, on the other hand, the content of | as is well known, this method has been 


carbon in the material ought neither to | 


be too great nor the steel too hard, for, 
otherwise it is difficult to modify the. 


hardening that its action be not too 
powerful when the ductility becomes 
lessened and the product brittle. In this 


way it is explained why it appears most 


advantageous to keep the percentage of 
carbon between 0.3 and 0.6, the lesser 
quantity for larger and a greater for 


smaller pieces, and in general to carry | 
Should the! 


out the hardening in oil. 
material be rather hard for the intended 
purpose, the more moderate hardening 
which is produced by the cooling of the 
piece in air may be best, or the excessive 
hardening must be succeeded by a temper- 
ing whereby the ductility of the material 
is increased. 

If these explanations of the facts shown 
by the Terrenoire exhibit be correct, it 


follows that if the best results are to be, 


obtained, not only the hardening but also 
the preparation of the steel must be 
managed with the very greatest care and 
attention. The melting is carried on at 
Terrenoire in Siemens furnaces, without 
crucibles, and Mr. Holley has, in the Met- 
allurgical Review, given an interesting 
description of the Way in which the 
changes of the steel bath succeed each 
other, and, partly by the help of the ap- 
pearance of the slag, partly by hammer- 
ing samples taken out of the bath, the 
proper moment is determined for adding 
the compound of iron, manganese, and 
silicon. For castings, compactness is 
naturally of greater importance than for 
ingots, which are afterwards to be drawn 
out; but even for the latter compactness 
is far from being a matter of indifference 
if it can be attained without the sacrifice 
of any other good quality, for unfor- 
tunately the ingot blow-holes are far from 
being always properly welded together 
when the ingots are drawn out. It is 
therefore not to be wondered at, that ex- 
periments have been made at many places 
to prevent the formation of blow-holes 
by means of powerful hydraulic pressure 
applied during the cooling and solidifica- 
tion of the cast steel or iron. This plan 
has been tried at several places, as, 
among others, at St. Etienne by V. Bié- 
trix et Cie., but it has never been reg- 


‘statement previously made 


in use for more than ten years. Exceed- 
ingly beautiful articles are exhibited by 
this firm, world-famous for its accurate 
workmanship, among which may specially 
be mentioned a hollow cylinder with an 
interior diameter of 1.98 metre, and a 
length of 1.5 metre, and a thickness of 
material of only 4 centimetres, a torpedo 
guaranteed to resist an interior pressure 
of airof 105 kilogs. per square centimetre, 
and a hollow axle 10.26 metres long 
with an exterior diameter of 45, and an 
interior of 30 centimetres. All these 
pieces are made from hollow ingots, 
which, when under preparation, are ex- 
posed to powerful hydraulic pressure, 
after which the ingot that has been thus 
treated is further worked by means of a 
hydraulic compression; but, unfor- 
tunately, it is impossible to obtain at the 
Exhibition any more detailed account of 
this interesting method of working. 
Finally, with regard to crucible-melted 
tool steel, the Exhibition has nothing 
properly new to offer under this head, if 
we do not consider chrome steel as such. 
This, as is well known, is made by adding 
a pig iron rich in chrome, and such a pig, 
along with tungsten pig, is found, among 
others, in the exhibit of Terrenoire. The 
iron compound richest in chrome, con- 
taining up to 65 per cent., is however ex- 
hibited by J. Holtzer, Dorian, et Cie.’s 
steel works at Unieux, near St. Etienne, 
and it is made by the reduction of 
chrome ore with charcoal in the crucible. 
The last-named exhibit also contains the 
largest quantity of chrome steel. The 
tension tests to which this steel and the 
chrome steel from Terrenoire have been 
submitted have further confirmed the 
in other 
quarters, that chrome still more than 
carbon increases, not only the hardness, 
but also the modulus of elasticity and 
the tensile strength, while at the same 
time it does not diminish the ductility so 
much as carbon. The action of chrome 
is thus exceedingly advantageous, and 
much resembles, but is believed to be 
still more powerful than that of tung- 
sten. Jacob Holtzer’s steel, which is 
richest in chrome, is said to contain 2.5 
per cent. The beautiful exhibit of See- 


,;bohm and Dickstahl, of Sheffield, also 
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contains chrome steel, with only 1 per 
cent. chrome. Wolfram or tungsten 
steel is shown, not only by the exhibitors 
of steel just named, but also by several 
others, among which may be specially 
mentioned the very beautiful exhibits of 
crucible steel of, first and foremost, the 
Innerberger Hauptgewerkschaft, but also 
of Eibiswald in Styria. 
eames 
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MERICAN Society oF Civit ENGINEERS.— 
The last issue of the ‘‘ Transactions” con- 
tains the following paper and discussions : 

No. 162. The South Pass Jetties: Descriptive 
and incidental notes and memoranda, by E. L. 
Corthell. 

Discussions on the South Pass Jetties, by C. 
W. Howell. E. L. Corthell, C. Shaler Smith 
and J. Foster Flagg. 

Addition to Paper No. 160, by James B. 
Francis. 

This number also contains plates, from No. 
XIV to XX inclusive, illustrating South Pass 
Jetties, and Plate X XI showing the Mouth of 
the Magdelena River. 


NGINEERS CLUB OF PHILADELPHIA.—At 
the last meeting of the Club, Professor 
Lewis M. Haupt, President, read a memorial 
to the State Legislature, praying that an ap- 
propriation be made to co-operate with the 
General Government in the more vigorous 
prosecution of the Geodetic and Topographi- 
cal Survey of the State, for the following 
reasons: 

ist. The imperative demand for such work 
to supply correct maps for the true representa- 
tion of the geology of the State. 

2d. Correct maps are necessary to the 
proper development of the State. 

3d. To reform the system of land survey- 
ing now the source of so many uncertainties 
in consequence of the secular changes in 
variation of the magnetic meridian; and, 

4th. The ultimate economy of accurate 
surveys. 

The memorial closed with a statement of the 
organization required for such works. 

In supporting it, Mr. Ingham, Commissioner 
for the Second Geological Survey, said that 
they have found the present maps, boundaries, 
&c., to be utterly worthless as regards accurate 
location. In many cases requiring the geology 
to be forced to fit county lines, and regretted 
that this State had not already taken steps to 
remedy this evil. After further discussion 
action was postponed. 

Mr. A. A. Roberts laid before the club the 
original drawings for structures on the Alleg- 
heny Portage Road (1831-6); among others 
the plan of the first tunnel in America. These 
he has recently discovered. 

A letter from Mr. J. Christie, corresponding 
member, was read in relation to simplifying 
formule for strains in rolled iron 1, T and L 
beams, giving result of some experiments re- 
cently made. 


Mr. Henry G. Morris exhibited plans of sev- 
eral boilers, which he had used with good re- 
sults, and showed comparative merits of each; 
also plans of sugar-making machinery, with 
detailed explanations. a -q 

Mr. Mucklé presenied drawing of Eave’s new 
safety valve, from ‘‘Atlas Steel and Iron 
Works,” and showed its advantages. Also 
read a description of Haddan’s Military or 
Pioneer Railway, recently placed before the 
Roya: Institution, and, when on trial, a section 
was erected at a speed equivalent to a mile a 
day for every hundred men employed. This 
j Was over uneven ground. 

Louris C. MADEIRA, JR, 
Secretary pro tem. 





REMIUMS FROM THE INSTITUTION OF CIVIL 

ENGINEERS.—The originality, labor, and 
ingenuity displayed by the authors of some of 
the communications submitted to the Society 
during the session 1877-78 have led the Council 
to make the following awards :— 


For Papers read at the Ordinary Meetings. 


1. Telford Medals, and Telford Premiums, 
to R. W. H. Paget Higgs, LL.D., and J. 
R. Brittle, for paper on ‘‘Some Recent Im- 
provements in Dynamo-Electric Apparatus.” 

2. A Watt Medal, and a Telford Premium, to 
H. Davey, for paper on ‘‘ Direct-acting or Non- 
rotative Pumping Engines and Pumps.” 

3. A Telford Medal, and a Telford Premium, 
to T. Curtis Clarke, for paper on ‘‘ The Design 
generally of Iron Bridges of very large Span 
for Railway Traffic.” 

4. A Watt Medal, anda Telford Premium, 
to Bradford Leslie, for paper on ‘‘ The Hooghly 
Floating Bridge.” 

5. A Telford Premium to J. Atkinson Long- 
ridge, for paper on ‘*The Evaporative Power 
of Locomotive Boilers.” 

6. A Watt Medal, and a Telford Premium, 
to Alfred Holt, for ‘‘ Review of the Progress of 
Steam Shipping during the last Quarter of a 
Century.” 

7. The Manby Premium to E. Bazalgette, 
for paper on ‘* The Victoria, Albert, and Chel- 
sea Embankments of the River Thames.”’ 

Other medals were awarded for papers 
printed in the proceedings without being dis- 
cussed, and for papers read at the supplemental 
meetings of students. 


—— ade — — 
IRON AND STEEL NOTES. 


YTEEL AT THE Paris Exureirion. — The 
numerous visitors to the Machinery Hall 
must have observed an exceedingly choice as- 
sortment of Messrs. H. Augustus Guy and 
Company’s Specialties, foremost among which 
figures their well-known invincible tool steel 
|in the ingot, bar and representative tools. We 
understand that these gentlemen, in the exer- 
cise of their undoubted rights declined to admit 
| the jurors into the secrets involved in the mate- 
rials and manufacture of their monopolies. 
Consequently their exhibits were not adjudged 
|for awards. Of course, when a firm has de- 
| voted years to a valuable improvement, in a 
commodity like tool steel, and is beginning to 
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feel the advantages of success, it certainly re- 
quires much more than average self-abnegation 
to disclose the details of their system to the 
world. They, however, proposed a very am- 
ple equivalent, so far as the jurors were con- 
cerned, and the public more especially, in their 
offer to submit sample bars of any size or sec- 
tion for the most crucial tests, in competition 
with all manufacturers, to make good their 
claims to the highest honors, and it is to be 
regretted that this course, which is, after all, 
the only true criterion, was not adopted. We 
had an opportunity this week of inspecting at 
the firm’s London office some new specimens, 
which, we were informed, embody the discov- 
ery and successful application of further im- 
provements. Guy’s ‘‘ True” boiler cleaner for 
removing and preventing incrustations in land 
and marine boilers was also exhibited, and 
aroused considerable interest. It has a double 
value, and meets a very serious difficulty—a 
problem which a protracted inquiry on the part 
of our own Government has failed to solve sat- 
isfactorily—for it prevents oxidization of the 
boiler plates, while it also moderates priming, 
and in this capacity must be of great value. 


HE UsE oF STEEL FoR STRUCTURAL PouR- 

posges.—The final report of the committee 
of the British Association on the use of steel 
‘for structural purposes states :—‘‘ Having given 
the subject our best consideration, we recom- 
mend that the employment of steel in engineer- 
ing structures should be authorized by the 
Board of Trade under the following conditions, 
namely: (1) That the steel employed should be 
cast steel or steel made by some process of 
fusion, subsequently rolled or hammered, and 
that it should be of a quality possessing con 
siderable toughness and ductility, and that a 
certificate to the effect tlrat the steel is of this 
description and quality, should be forwarded 
to the Board of Trade by the engineer respon- 
sible for the structure. (2) That the greatest 
load which can be brought upon the bridge or 
structure, added to the weight of the super- 
structure, should not produce a greater strain 
in any part than 64 tons per square inch. In 
conclusion, we have to remark that in recom- 
mending a co-efficient of 6$ tons per square 
inch for the employment of steel in railway 





structures generally, we are aware tha’ cases 
may and probably will arise when it will be 
proposed to use steel of special make and still 
greater tenacity, and when a higher co-efficient | 
might be permissible, but we think these cases | 
must be left for consideration when they arise, 
and that a higher co-efficient may be then al-| 
lowed in those instances where the reasons | 
given appear to the Board of Trade to justify 
it.” This report has since been acted upon by 
the Board of Trade in the printed paper issued | 
by them in reference to railway structures. ‘ It 
will be observed that a co-efficient of 64 tons | 
per square inch is assigned to steel, that of iron | 
being 5 tons per square inch. This increase of | 
the co-efficient will effect important economy | 
in structures, especially in bridges of large | 
spans, and will also tend generally to increase | 
the e. 1ployment of steel for railway and ship- | 
building purposes. The labors of your com- | 


mittee having ended in such a satisfactory 
manner there is no necessity to re-appoint 
them.” The report is signed by Mr. E. H. Car- 
butt, Mayor of Leeds, as Secretary. 


HE MECHANICAL AND OTHER PROPERTIES 

oF Iron AND MiLp STEEL.—Numerous 
experiments have been conducted by several 
eminent engineers to prove the tensile strength 
of iron and steel, both in the shape of bars and 
plates. Unfortunately, however, many of the 
tests have been carried out with rude testing 
machines, rendering it difficult to obtain a true 
result of the endurance and strength of the 
metal] under investigation. Some experiments 
were conducted with a view to determine the 
strength of steels with fixed proportions of car- 
bon — by Mr. Vickers, of Sheffield, and 
recorded by him in a paper read on the subject 
before the Mechanical Engineers of England, 
August Ist, 1861; but as these tests were more 
especially resorted to to ascertain the strength 
of crucible steels, mostly used for tool-cutting 
purposes, they were of but little value to the 
constructive or mechanical engineer. Mr. 
Adamson, having used practically a compara- 
tively mild class of steels or ingot irons for the 
last twenty-one years, at times found, from cold 
mechanical bending tests, some irregularities 
in the working of the metals. This indicated 
to him the necessity of more careful investiga- 
tion, both as to their composition and the tem- 
perature at which they could be manipulated 
in the workshop and practically applied ; and 
in the present paper his object was to put be- 
fore the members a record of the endurance of 
iron and steel when subject to concussive force 
such as can be produced by gun-cotton, gun- 
powder, or other explosive materials. The 
experiments carried out were instituted with a 
view to ascertain what would be the effect on 
a steam-boiler working under pressure by the 
side of an exploding boiler, or the effect on a 
ship by a collision with another, and whether 
wrought iron or steel possessed the greater 
power to resist such accidentally produced 
force. Uniformly the various trials made by 
the writer in June, 1876, were favorable to 
mild steel. Drift and tensile tests pointed em- 
phatically in the same direction. The value of 
steel and iron for structural purposes was also 
tested, and contrasted with that of iron, the 
result being to show that steel with about one- 
half per cent. of carbon, 1 per cent. of manga- 
nese, with a low measure of silicon, sulphur 
and phosphorus, can be depended upon to 
carry double the load of the best wrought-iron 
plates that can be produced, and with as good 
results as regards elongation. After many 
trials and many failures in attempting to weld 
steel boiler plates, the writer found it necessary 
to ascertain in all cases the composition of the 
metal before putting any labor upon it. From 
a large experience it is now found desirable 
that the carbon should not exceed one-eighth 
per cent., while the sulphur and phosphorus 
should, if possible, be kept as low as .04 silicon 
being admissible to the extent of one-tenth per 
cent. The writer then passed on to describe a 
variety of tests of the malleability of iron and 
steel, their powers of endurance under color- 
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heat, &c., and followed with the observation 
that from the experiments he had explained, it 
would be apparent that the users of metals 
must make some natural selection, as it were,, 
to secure the highest and best results for any 
special purpose. It would also be clear that no 
wrought iron could resist concussive force 
equal to mild steel, and as a much higher range 
of ductility and carrying power was attained, 
he had no doubt constructive engineers would 
feel themselves constrained to use it much 
more extensively in all cases where strength 
und lightness were required. Should it ulti- 
mately be proved that sea-water would destroy 
steel quicker than wrought iron, the use of 
wrought iron for the skins of ships might be 
continued; but, with present knowledge, noth- 
ing, in his opinion, existed to prevent the whole 
framework of every steamer and sailing vessel 
being constructed of Bessemer or Martin-Sie- 
mens steel, as at least one-third the weight 
might be saved at the same time that greater 
security was ensured. In the diluted sulphuric- 
acid bath the evidences were quite clear in 
favor of mild steel and the purest iron to resist 
corrosion, but before as much could be said as 
to the influence of sea or salt water a more ex 

tended and careful series of experiments would 
be required. The same might be said of the 
selection of metals for the construction of artil- 
lery; and the writer had no doubt that, by a 
still more careful manufacture, to keep down 
the carbon and injurious alloymg substances 
common to wrought iron, most enduring armor 
plates might be manufactured by the Pneumatic | 
or Martin-Siemens process. Further, there 
could be no doubt that the medium hard class 
of steels, possessing double ¢he strength of the 
best wrought iron that can be made, ought, 
without exception, to be used for building 
bridges and numerous other like structures. 


——_ + -- 
RAILWAY NOTES, 


A NARROW-GAUGE railroad has been proposed 
in Guatemala, and agents are now in San 
Francisco for the purpose of interesting capital- 
ists in the scheme. It is understood that a 
section of thirty miles, to penetrate the coffee 
region, will be first made, and, if successful, 
the road will be extended to the capital of the 
State. Should the necessary capital be secured 
in San Francisco, it is claimed that the trade of 
Guatemala will be attracted to that city. If 
the necessary aid cannot be secured there, an 
appeal will be mude to the capitalists of the 
East or of Europe. 


0° all the sources of railway disasters, shunt- 
ing operations are perhaps the most prolific; | 
but this truth has either failed of appreciation 
by railway directors, or satisfactory means of 





removing the danger have not appeared. 
Among other inventors who have attempted | 
this, however, Mr. Barrow, of Rock Ferry, 
Liverpool, has recently finished an apparatus | 
for the protection of sidings during shunting | 
operations. The signal consists of a revolving | 
signal and lamp fixed in the six-footway, 2 ft. | 
high, some 500 and 800 yards from the point, | 


and worked by the points-man in the signal- 
box. The lever or wheel which works the 
light also manipulates a couple of fog signals. 
When the Jight is turned against a coming 
train the fog signals are placed on the line by 
mechanical means, so that should the driver 
miss seeing the light, the fog signals warn him 
in time to avert disaster. 


ha wed activity is just now being shown in the 
Austro-Hungarian Empire in the prosecu- 
tion of all kinds of public works, and especially 
of those in any way relating to the extension of 
the railway system of the country. Amongst 
others, there is a talk of the construction of an 
iron bridge over the Drave at Eszeg, to replace 
the present ferry, at a cost of 800,000 fis., which 
would be carried out partly by the Government 
and partly by the Alfoeld and Fiume Railway 
Company, which is domiciled at Pesth. It is 
also proposed to replace by iron bridges all the 
wooden bridges on the line worked by the 
Alfoeld and Fiume Railway Company, and the 
Kaschau and Oderberg Railway Company, &c., 
and the construction of the proposed lines of 
railway on the military borders of Croatia and 
Slavonia is to be offered for public auction— 
in fact, according to Herapath, one line has al- 
ready been adjudged. 


pe supplement to the last Gazette of India 
contains some interesting statistics of the 
number of servants of all races employed on 
the different railway lines in India. The grand 
total for 7,278 miles of line is 132,040, or he- 
tween eight and nine individuals per mile. Of 
these 132,040 persons, 125,040 are natives, 3,319 
are Eurasians—children of Europeans but born 
in Asia—and 3,607 are Europeans. Again, of 
the total number 8,837, of whom 8,257 are 
natives, 271 Eurasians, and 309 Europeans are 
employed in the department of general admin- 
istration; 31,616, of whom 29 339 are natives, 
1,233 Eurasians, and 1,044 Europeans in the 
traffic and telegraph departments; 52,259, of 
whom 51,631 are natives, 248 Eurasians, and 
380 Europeans in the engineer’s department ; 
and 39,328, of whom 35,787 are natives, 1,567 
Eurasians, and 1,874 Europeans, in the locomo- 
tive and carriage departments. The first thing 
that strikes us about these figures is the enor- 
mously large proportion of natives, not only in 
the total, but in every individual branch of the 
work. In fact, it may almost be said that the 
working of the railways is practically in the 
hands of the natives of the country—in some 
cases, but not in all, nnder European super- 
vision. The insignificant number of Eurasians 
employed is hardly less striking. In one de- 
partment alone—traftic and telegraph—does it 
exceed that of the Europeans. Turning again 
to the statistics of casualties, we find that 
among an average number of 3,513 Europeans 
employed in the year ending 30th September, 
1877, there were only eighty-three deaths, while 


| among an average number of 3,319 Eurasians 


employed there were only thirty-nine deaths, 
giving about half as high a death rate for 
Eurasians as for Europeans. The dismissals 
were 289 and 256 respectively, showing no 
great disparity between the two classes. 
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AILWAY AcCIDENTS.—The Annales des 
Ponts-et- Chaussées has just published some 
interesting statistics on the above named sub- 
ject. In the old days of diligences, or stage- 
coaches, one passenger was killed out of about 
335,000, and one wounded out of 30,000; 
while out of 1,784,404,687 persons carried by 
the French railways from September 7th, 1835, 
to December 31st, 1875, only one was killed 
out of 5,178,490, and one injured out of 
580,450. If the accidents are divided into two 
groups, from September, 1835, to December, 
1855, and from January, 1856, to December, 
1875, we find that in the first period one trav- 


injured in 496,555. In the second, the propor- 
tions were one killed out of 6,171,117 passen- 
gers, and one injured in 590,185. As is seen, 
the number had considerably decreased in the 
second period. Of late years, the proportion has 
still further diminished, and the results for such 
countries as France, England, and Belgium are 
particularly striking. In France, during the 
years 1872, 1873, 1874, and 1875, one passenger 
was killed out of 45,258,270, and one hurt in 
1,024,360. In England, from 1872, to 1875, one 
was killed out of 12,000,000 persons carried, 
and one wounded in 366,000. In Belgium, 
from 1872, to 1876, one was killed out of 
20,000,000 passengers, and one injured in 
3,500,000. To sum up, a person had, in 
France, in the time of the diligences, a chance 
of being killed in making 300,000 journeys, 
and of being hurt once in making 30,000. On 
the railways, from 1872 to 1875, the chances 
were reduced to one death in 45,000,000 
journeys, and one injury in 1,000,000. Thus, 
a person continually traveling by rail, at a 
speed of 50 kilometers ($ of a mile each) an 
hour, would have had, during the three periods 
above indicated, the following chances of 
being killed : From 1835, to 1855, once in 321 
years ; from 1855 to 1875, once in 1,014 years ; 
and from 1872 to 1875, once in 7,450 years. 


UEENSLAND RatLways.—The Queensland 
Minister of Works has intimated that the 
Queensland Government has no intention of 
undertaking the construction of proposed 
branch lines from Ipswich to Fassifern, in one 
direction, and to Mount Esk in the other, 
unless the residents in the districts to be bene- 
fited by their construction contribute towards 
the cost, which, we suppose, means that a 
system of rating railway districts is in contem- 
plation. The proposed branch line from Oxley 
to Beenleigh, is one with regard to which con- 
siderable pressure is likely to be brought to 
bear upon the Government; but a contention 
has arisen in favor of a diversion of the route 
so as to serve the settlers of the Upper Logan 
and the Albert. The Colonial Sugar Refining 
Company of Sydney are forming an establish- 
ment on the Tweed river, immediately south 
of the Queensland Border, for the production 
of sugar on an extensive scale. They have 
purchased 10,000 acres of land, intending in 
the first instance to grow their own cane, in 
the expectation, however, that as soon as 
machinery has been erected for crushing and 
refining purposes, farmers will settle in the 





‘also remarkably cheap. 


neighborhood, and enable the company to 
adopt the plan which they have found emi- 
nently successful on the Clarence river, where 
they last year exported about 7,000 tons of 
sugar, none of which was from cane of their 
own growing. But the Tweed is difficult of 
navigation, and the company have asked the 
Queensland Government to construct a short 
Jine of railway or tramway from the Border to 
Nerang Creek, Queensland, with the view of 
making that the port for the produce of the 
Tweed district. The company further ask 
whether, in the event of the government 


declining to undertake the work, they will per- 
mit the company to make the line, and, if so, 
The length of line will not 


upon what terms. 
exceed 15 miles. 
—— -m- — 


ENGINEERING STRUCTURES. 


HE work of tunneling the St. Gothard Raii- 

way is being pushed on with considerable 
rapidity. A telegram from Geneva states that 
on the Goeschenen side alone 1,000 men are 
employed inside the tunnel and 400 outside. 
Three hundred wagon loads of earth are exca- 
vated every day, and in the daily blastings 600 
Ibs. of dynamite are used. Equal energy 1s 
being shown on the Italian side. 


T™ ALTENBURG TUNNEL.—H. Von Oer gives 
a full and detailed account of the system of 
supports adopted at the Altenburg tunnel, 
where iron was made use of in place of the 
usual timbering. The system, as there carried 
out, is due to Herr F. Rziha, an Austrian en- 
gineer, and is a modification of that in use in 
the Saxon mines for the timbering of drifts. 
The author claims that it possesses ali the ad- 
vantages of the English system, as designed by 
Brunel, without its defects. It consists essen- 
tially in the adoption of the arched form, em- 
bracing the whole section of the tunnel, the 
structure being built up of short segments, 
varying in length from 1 metre to 14 metre (3.28 
to 4.9 feet), composed of angle iron, and joined 
together by the flanges. A characteristic fea- 
ture of the system lies in the application of the 
common forms of angle iron, by which means 
economy in the cost of the materials is secured. 
Herr Rziha makes large use indeed of old rails; 
and the paper gives a drawing showing the 
arrangement of these materials. The construc- 
tion is a kind of double arch, the outer ring of 
which supports the earth, and itself rests upon 
the inner ring, which is designed to serve as 
the centering upon which the masonry is to be 
built in. As the work of excavation advances, 
the outer ring supporting the rock is removed 
in small portions at a time, and the bricking is 
built up upon the lower ring. The distance 
between the two rings being made to corre- 
spond to the required thickness of the arch. 
The several parts of the structure are simple in 
form, light, and easily put together. The erec- 
tion is carried on, as the excavation progresses, 
in a manner similar to that followed in the or- 
dinary method of timbering. The system is 
said to be a very efficient one, and a tabular 
statement of quantities and cost shows it to be 
In one case, the econ- 
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omy resulting from the adoption of iron instead | ‘ng satisfactory Messrs. Baird and the Baltic 
of wood, amounted to as much as 84 marks per | Ironworks would each receive an order for at 


lineal yard, the estimates being 328 and 412 
marks respectively. The article is illustrated 
by general and detail drawings, which show 
clearly the design and mode of construction 
adopted at the Altenburg tunnel. The same 


system, the author remarks, is at the present | 


time being made use of in the Remsfeld tunnel, 
900 metres (984 yards) in length, on the line of 


railway from Berlin to Coblenz.— Abstracts of 


Institution of Civil Engineers. 
-. 


ORDNANCE AND NAVAL. 


— STEERING GEAR.—One of our corre- 





spondents in Lancashire writes:—‘' A new | 


steam steering gear, patented by Mr. Harrison, 
was on Wednesday exhibited for the first time 
at the works of Messrs. Hodgson and Stead, 
engineers, Salford. By this invention Mr. 
Harrison claims to secure to the helmsman a 
perfect control over the steering engines, and 


also to do away with the noise which is so | 
objectionable in the apparatus now in use on | 


some of the steamships. The first object is 
attained by means of a rotary disc valve oper- 
ated upon by the steering wheel, which cuts 
off the steam automatically and controls the 
action of the piston rod to within 4 inch, the 
engine, in fact, responding instantaneously to 
every motion of the steering wheel, whilst the 


noise is obviated by the substitution in the | 
working gear of a worm in the place of the | 
It is also claimed | 


usual wheels and pinions. 


that the engine will exert the power of twelve 


men on the rudder, which will be kept steady | 


however rough the action of the sea may be 
upon it. 
peared to give satisfaction to a number of 
gentlemen who inspected it, but I understand 
it is shortly to undergo a practical test on board 
ship at Liverpool. 


UssIAN Fast SaIrLinG 
Moscow Cruiser Committee has definitely 
decided that, if possible, no more war steamers 
for the volunteer fleet are to be purchased out 
of Russia 


mittee at St. Petersburg, under the presidency 


of Mr. Pobairdonositz, and after the plans and | 
tenders received from shipbuilders and ship- | 


owners in every part of the world had been 


carefully examined, the members unanimously | 
decided that an attempt should be made to en- | 


courage the shipbuilding trade of Russia by 
giving all future orders to native firms. There- 
upon Mr. Baird, of Baird’s Engineering Works, 
and Mr. Kazi, the managing director of the 
Baltic Iron Works, who were both present, 
underiook to furnish plans of fast-sailing 
steamers. A temporary contract was drawn 
up, the main features of which were that the 
cruisers designed should be corvette shaped, 


with a spread of 21,000 square feet of canvas, | 


stowage for sufficient coal to enable the vessel 
to steam sixty days at full speed, and artillery 
arrangements for the reception of two seven- 
inch guns and four four-inch mortars. It was 
understood that in the event of the designs be- 


The working of the apparatus ap- | 


STEAMERS.—The | 


The question was raised at a recent | 
sitting of the executive branch of the com- | 


| least one cruiser, and that if the donations con- 
tinued to come in as largely as at present 
further orders wouid be given. 


‘(ue Hecia; Torrepvo Deror Surp.—The 
Hecla, screw torpedo depot ship, which ar- 
|rived at Portsmouth last week from Belfast, 
|and which is expected to be commissioned to- 
day by Captain Morgan Singer, lately in com- 
|mand of the Vesuvius and the Glatton, is alto- 
| gether a novelty, no other ship of the kind 
| being in existence, and is another concession to 
| the necessities of the new mode of conducting 
| actions at sea. She is to be fitted to carry fast 
| torpedo launches and to follow in the wake of 
a fleet as a depot, ready to despatch her flotilla 
of small craft for their protection when neces- 
sary. She is constructed of iron, and measures 
| 390 ft. in length, and is fitted to carry six 64- 
| pounder muzzle-loading rifled guns, four on 
{the broadside and the rest forward and aft. 
| She is also intended to bé armed with torpedoes 
of the Whitehead kind, and is pierced with a 
broadside port on each side for ejecting them. 
The after part below is furnished with lathes 
| and drilling and shaping machines, and will be 
|converted into a floating torpedo workshop. 
| She is divided into a number of various water- 
| tight compartments, not connected, as is the 
/usual mode, with water-tight doors, entrance 
| being gained from the upper and main decks. 
The element of danger resulting from leaving 
the connections open in certain eventualities is 
thus obviated, though it is calculated that the 
filling of one or two of the compartments with 
water would not materially affect the behavior 
of the ship. She is to carry six second class 
torpedo boats, of which, however, only two 
| have as yet been supplied. Four of these boats 
will be amidships, the chocks on which they 
|rest running on a tramway. She will also 
| carry a 42 ft. steam launch and a 37 ft steam 
pinnace. The Hecla will be provided with 
booms and nets to protect her from an enemy’s 
torpedoes, the booms, when not in use, lying 
fore and aft against the side of the ship. The 
| captain’s cabin and the wardroom are amid- 
ships, the wardroom being what, when the ship 
| was built for the merchant service, was in- 
tended as a saloon for passengers. She will 
|have a complement of 170 officers and men, 
and when completed at Portsmouth will be 
taken to sea for a short period on special ser- 
vice'for the purpose of testing her mancuvering 
and sea qualities.—London Times. 


oo or ScrEw StTEAMERS.—The fol- 
lowing is the report of the Committee of 
| the British Association, consisting of James R. 
| Napier, F.R.S., Sir W. Thomson, F.R.S., W. 
|R. Froude, F.R.S., J. T. Bottomley, and Os- 
| borne Reynolds, F.R.S., Sec., appointed to in- 
| vestigate the effect of propellers on the steering 
of vessels. 

| It appears, both from the experiments made 
by the committee and from other evidence, that 
the distance required by a screw steamer to 
| bring herself to rest from full speed by the re- 
versal of her screw is independent, or nearly 
|so, of the power of the engines; but depends 
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on the size and build of the ship, and generally 
lies between four and six times the ship’s 
length. It is to be borne in mind that it is to 
the behavior of the ship during this interval 
that the following remarks apply :— 

_The main point the committee have bad in 
view has been to ascertain how far the revers- 
ing of the screw, in order to stop a ship, did 
or did not interfere with the action of the rud- 
der during the interval of stopping, and it is as 
regards this point that the most important light 
has been thrown on the question of handling 
ships. It is found an invariable rule that, dur- 
ing the interval in which a ship is stopping 
herself by the reversal of her screw, the rudder 
produces none of its usual effects to turn the 
ship, but that, under these circumstances, the 
effect of the rudder, such as it is, is to turn the 
ship in the opposite direction from that in 
which she would turn if the screw were going 
ahead. The magnitude of this reverse effect 
of the rudder is always feeble, and is different 
for different ships, and even for the same ship 
under different conditions of loading. 

It also appears from the trials that owing to 


\tion she will turn, or may even, by using the 
|rudder in an adverse manner, be able to influ- 
| ence this direction, but the amount of turning 
| must be small and the direction very uncertain. 
The question, therefore, as to the advisability 
of reversing the screw is simply a question as 
to whether the danger may be better avoided 
by stopping or by turning. A ship cannot do 
both with any certainty. 

Which of these two courses is the better to 
follow must depend on the particular circum- 
stances of each particular case; but the follow- 
ing considerations would appear to show that 
when the helm is under sufficient command 
there can seldom be any doubt. 

A screw steamship when at full speed requires 
five lengths, more or less, in which to stop her- 
| self ; whereas, by using her rudder, and steam- 
| ing on at full speed ahead, she should be able 
|to turn herself through a quadrant without 
| having advanced five lengths in her original 
| direction. That is to say, a ship can turn a 
| circle of not greater radius than four lengths, 
;more or less (see Hankow, Valetta, Barge) so 
|that if running at full speed directly on to a 





the feeble influence of the rudder over the ship | straight coast, she should be able to save her- 
during the interval in which she is stopping, | self by steaming on ahead and using her rud- 
she is at the mercy of any other influences that | der after she is too near to save herself by 


may act upon her. Thus the wind which al- 

yvays exerts an influence to turn the stem (or 
forward end) of the ship into the wind, but 
which influence is usually well under the con- 
trol of the rudder, may when the screw is re- 
versed become paramount and cause the ship 
to turn in a direction the very opposite of that 
which is desired. Also, the reversed screw 
will exercise an influence, which increases as 
the ship’s way is diminished, to turn the ship 
to starboard or port according as it is right 
or left handed; this being particularly the case 
when the ships are in light draught. 

These several influences, the reversed effect 
of the rudder, the effect of the wind, and the 
action of the screw, will determine the course 
the ship takes during the interval of stopping. 
They may balance, in which case the ship wil 
go straight on, or any one of three may pre- 
dominate, and determine the course of the 
ship. 

The utmost effect of these influences when 
they all act in conjunction, as when the screw 
is right handed, the helm starboarded, and the 
wind on the starboard side, is small as com- 
pared with the influence of the rudder as it acts 
when the ship is steaming ahead. In no in 
stance has a ship tried by the committee been 
able to turn with the screw reversed on a circle 
of less than double the radius of that on which 
she would turn when steaming, ahead. So that 
even if those in charge could govern the direc- 
tion in which the ship will turn while stopping, 
she turns but slowly, whereas, in point of fact, 
those in charge have little or no control over 
this direction, and, unless they are exception- 
ally well acquainted with their ship, they will 
be unable even to predict the direction. 

It is easy to see, therefore, that if on ap- 
proaching danger the screw be reversed, all 
idea of turning the ship out of the way of dan- 
ger must be abandoned. She may turn a little, 
and those in charge may know in what direc- 


| stopping; and any obliquity in the direction of 
approach or any limit to the breadth of the 
object ahead is all to the advantage of turning, 
but not at all to the advantage of stopping. 
There is one consideration, however, with 
regard to the question of stopping or turning, 
which must, according to the present custom, 
often have weight, although there can be but 
one opinion as to the viciousness of this cus- 
tom. This consideration is the utter inability 
|of the officers in charge to make any rapid use 
|of their rudder so Jong as their engines are 
| kept on ahead. It isno uncommon thing for 
the largest ships to be steered by as few as two 
;men. And the mere fact of the wheel being 
so arranged that two men have command of 
the rudder, renders so many turns of the wheel 
| necessary to bring the rudder over that even 
where ready help is at hand it takes a long 
time to turn the wheel round and round so as 
to put a large angle on the rudder. 
The result is, that it is often one or two 
| minutes after the order is heard before there is 
any large angle on the rudder, and of course, 
| under these circumstances, it is absurd to talk 
}of making use of the turning qualities of a 
| ship in case of emergency. The power avail- 
| able to turn the rudder should be proportional 
|to the tonnage of the vessel, and there is no 
mechanical reason why the rudder of the 
| largest vessel should not be brought hard over 
in less than 15 seconds from the time the order 
is given. Had those in charge of steamships 
efficient control over their rudders, it is prob- 
able that much less would be heard of the re- 
|versing of the engines in cases of imminent 
| danger. 
| —~-ae—_— 
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| PRane’s STANDARD ALPHABETS. 
Prang & Co. Price $5.00. 
|D. Van Nostrand. 


Boston: L. 
For sale by 








This collection of ornamental alphabets for 
the use of decorators, designers and draughts- 
men, is in excellent style. 

We are glad to see that in the more florid 
ornamenting, the letters are yet plainly dis- 
tinguishable, which was not the case in the 
letter books of former years. 

In addition to the alphabets, there are some 
examples of topographical mapping in colors, 
and the Coats of Arms of the States also in 
colors. Altogether, it is an elegant and useful 
volume. 


PRACTICAL TREATISE ON CASTING 

Founpine. By N. E. Spretson. 
don: E. & F. N. Spon. Price $7.00. 
sale by D. Van Nostrand. 

This book is for the artisan only. It affords 
a complete description of all the details of cast- 
ing and founding, iron, steel, brass and bronze. 

The illustrations alone cover eighty-four 
full page plates of royal octavo size. 

The work is divided into thirty chapters, 
but, without enumerating these, the following 
list of subjects may be mentioned, as embrac- 
ing the matter of the book m their order: 

Pig Iron; Furnaces and their Accessories; 
Moulding and Casting; Foundries and their 
Equipments; Steel, Brass, Bronze and Bell 
Founding; Tables and Notes. 

There are 400 pages of text, besides the 
the plates mentioned above. 


AND 
Lon- 
For 


Van NostrRanp’s Scrence Serres, No. 39. 
Hanp Book or THE ELECTRO-MAGNETIC 
TELEGRAPH. By A. E. Lorine. New 
York: D.Van Nostrand. Price, boards, 50 cts. ; 
cloth, 75 cts.; half mor., $1.00. 

Instruction books for students in telegraphy 
have heretofore been encumbered with mate- 
rial which was of little or no aid to the be- 
ginner. 

A small hand book of first principles has 
been needed to prepare the learner for the pre- 
liminary work as well as for the understanding 
of the complete treatises upon this compara- 
tively new branch of industry. 

For a student may be well up in electricity 
and magnetism of the schools and colleges, and 
entirely unlearned, not only in the application 
of the principles of these sciences, but of the 
technical language of the telegraph room. 

Mr. Loring is a practical telegrapher, and 
has presented in the most concise form the 
leading facts and formulas which are in con- 
stant requisition in telegrapbing. 

Without being severely technical, or even 
rigorously scientific, he enables the stadent to 
make a good reconnaissance of -this field of la- 
bor, and affords him such hints as will enable 
him to fili in his details of information from 
the more complete sources. 

The work is divided into parts as follows : 

Part 1, Electricity and Magnetism; Part 2, 
the Morse Telegraph; Part 3, Batteries; Part 
4, Practical Telegraphy; Part 5, Construction 
of Sines. 

Appendix containing suggestions and exer- 
cises for learners. 

The illustrations are good, and are distrib- 
uted throughout the text. 
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OAL AND [RON IN ALL COUNTRIES OF THE 

J Worup. By J. Pecuar. London: Simp- 
kin, Marshall & Co. Price $2.00. For sale by 
D. Van Nostrand. 

This is iargely statistical as the title implies. 
It is compiled from the latest sources, and is 
one of the reports made up from materials 
furnished by the Paris Exposition. 

The report deals with the character of the 
coal and iron deposits, methods of working, 
and amount of home consumption and export. 

The introduction under the head of General 
Remarks, discusses the causes of the great 
depression in trade, and adds more valuable 
statistical information regarding the railway 
systems of the world. 


A HisTORY OF THE GROWTH OF THE STEAM 
Encine. By Roserr H. Tuursron, 

A.M., C.E. New York: D. Appleton & Co. 

Price $2.50. For sale by D. Van Nostrand. 

This is the latest addition to the ‘‘ Interna- 
tional Scientific Series” of these enterprising 
publiskers, and judging by the naturally wide- 
spread interest in the subject, we may expect 
that it will be regarded as the most important 
of the series by a large plurality of scientific 
readers. 

The preparation of such a history could not 
have been assigned to better hands. Taste, 
early education and professional training have 
all tended to prepare the talented author for 
this work, and his experience furthermore 
as an instructor of young men has specially 
fitted him to relate the story of the growth of 
this great agent of civilization, so that the 
merest tyro can enjoy it, and the scientist re- 


gard it as valuable. 

Not a small portion of the labor and expense 
of the work, either to author or publisher, is 
represented by the illustrations, which are very 
numerous and exceedingly good. 

Phe book is sure of a multitude of readers. 


| ANALYTICAL THEORY 
JosEPH FOURIER. 
ANDER FREEMAN, M.A. 
sity Press. Price $7.00. 
Nostrand. 

One of those works involving the higher 
analyses toan extent that is specially attractive 
to the mathematician. 

When great laws of phyics and their result- 
ant phenomena are expressed by aid of triple 
integrals, the mathematician first feels an inter- 
est in them, and then only proposes to aid in 
the work of developing. 

The depariment of Heat has long since be- 
come a favorite field for the analyst, and the 
work before us is the most complete evidence 
of it. 

The topics treated by chapters are : 

1. Introductory ; Equation of the Movement 
of Heat; Propagation of Heat in an Infinite 
Rectangular Solid ; Linear and Varied Move- 
ment of Heat in a Ring ; Propagation of Heat 
in a Solid Sphere ; Movement of Heat in a Solid 
Cylinder ; Propagation of Heat in a Rectangu- 
lar Prism ; Movement of Heat in a Solid Cube ; 
The Diffusion of Heat. 

It is a well printed volume of 466 pages, 
royal octavo. 


or Hear. By 
Translated by ALEX- 
Cambridge: Univer- 
For sale by D. Van 
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{(noenarmroa, Surveyinc. By Frank'! reference ‘Weyrauch, U. 8. W.’; and in his 
pE YEAUX CARPENTER. New York: D. | preface DuBois says: ‘For the historical and 
Van Nostrand. Price 50 cts. | Critical introduction we are indebted, a few 

This little treatise, written originally, as it| alterations excepted, to the pen of Weyrauch. 
appears, for the purpose of presenting to the It will be useful, &c., &c.’ As regards the 
Geological Commission of Brazil a general | ‘few alterations’ of DuBois, we have not been 
sketch of the plan proposed for mapping the | able to discover them, except in the omission 
immense territory of that Empire, in connec- | of several scientific references of Weyrauch. 
tion with the Geological Survey organized by |The American reader is led to infer from Du- 
the late Prof. Hartt, appears in Van Nostrand’s | Bois’ method of reference that only one page 
excellent Science Series, and forms a useful | of his ‘Introduction’ is taken from Weyrauch; 
contribution to the popular science literature | when, in fact, as I find after a thorough exam- 


of our country. Its author, formerly connect- | 
ed with the geographical surveys of the 
Engineer Department under Lieut. Wheeler, | 
— the name Geographical rather than 
opographical Surveying, to distinguish the 
kind of work necessary for covering a large 
extent of comparatively unexplored country | 
(when thousands of square miles must be map- 
ped in a season) from the slow and detailed | 
surveying which indicates every man’s farm 
and house, as carried on by the Government 
surveys of Europe. While the former should 
be based on determinations of primary points 
no less accurate than the latter, the intermedi- | 
ate details are to be sketched in by methods of | 
approximation, which will present with suffi- 
cient accuracy the general physical features of | 
the region surveyed, and the method may 
therefore be called geo-graphical rather than 
topo-graphical, as describing the surface of the | 
lobe, rather than of limited regions or places. 
his has been the system pursued by our 
various Government geological surveys in the | 
Rocky Mountain region; and the author men- 
tions the work of Hayden’s, Powell’s and 
Wheeler’s surveys, from whose experience he | 
has drawn his material, but neglects to give 
credit to the forerunner and, in one sense, the | 
originator of all these, that of the 40th Parallel | 
under Mr. Clarence King. As he avoids all, 
formulas, and presents his subject with clear- | 
ness and precision, the work will be found | 
pleasant reading for all interested in geogra- | 
phy.—Zhe Nation. 
7 ELEMENTS OF GRAPHICAL STATICS AND 
THEIR APPLICATIONS TO FRAMED STRUC- | 
TURES, WITH NuMEROUS PRacTICAL Ex-| 
AMPLES OF CRANES, BRIDGE, Roor anv Svus- | 
PENSION TRUSSES, ETC. By A. Jay DuBors, | 
C.E., Ph.D. New York. 1875. John Wiley | 
& Son. 

In the course of a.review of DuBois’ | 
‘Graphical Statics,” published in the Zeits- | 
chrift des Ver. Deutsch Ing, the writer says : 

‘*This surprisingly long title is followed by | 
a preface of ten closely-printed pages, which | 
contains notices valuable to the student while | 
using the book. The table of contents, of | 
twelve pages of fine print, is preceded by a| 
four-page note, ‘ Elements of Graphic Statics,’ 
intended especially for student and teacher. 
Then follows, under the title ee. | 
an excellent and exact translation (!), including | 
references, of the capital work of our German | 
colleague, Dr. J. Weyrauch, ‘Ueber die Graph- | 
ische Statik,’ Leipsig: Veriag von Teulmer. The | 
title of the first chapter, ‘ Historical and Criti- | 
al,’ is accompanied by an asterisk with the | 


ination, there are twenty-seven pages of close 
translation. * 

‘* What particular use was made of Culmann, 
Mohr, Ritter, Winkler and Reuleaux, and how 
much Cremona, Favaro and others were stu- 
died, after the entire literature had been col- 
lated by Weyrauch’s diligence for the benetit 
of the translator, we shall not determine: but 
to DuBois belongs the credit of industry in col- 
lecting, and of the introduction of practical ex- 
amples.”’ 

The reviewer then speaks favorably of the 
work as a record of the progress of researcli 
in this department in Germany, Italy, France 
and England. Concerning the plates, he says: 


| ‘Entire plates show a lack of the care in de- 


lineation which is required in a work like this.” 


HANDBOOK OF PATENT Law oF ALL Covn- 
TRIES. By Wii1i1AM P. THompson, C.E. 


|London: Stevens & Sons; New York: Van 


Nostrand, 1878. 

The author of this little book is the head of 
a patent agency in Liverpool, and therefore 
writes with the advantage of practical experi- 
ence. The book has no pretension to be re- 


| garded as a complete treatise on patent law ; it 


is rather a guide to patentees, and in many re- 
spects an aide memotre to practitioners. The 
first part is naturally devoted to a summary of 
the English law, in which the progressive steps, 
with their cost, towards the completed patent, 
are clearly explained. The suggestions and 
observations of the author, as for instance those 
under the head of preliminary ‘‘ Searches,” are 


| generally practical, but there are a few slips 


which should be corrected in a subsequent 
edition. At the outset his statement of the 
principle of our patent law as ‘‘a simple con- 
tract between the Crown, on behalf of the 
nation at large, and the inventor,” is not legally 
correct. This view of the relationship of 
Crown and inventor was judicially repudiated 
in the celebrated action of Feathers vs. the 
Queen, in which Cockburn, C.J., speaking for 
the Court, explained the grant of a patent to be 
a mere act of the prerogative, coupled with a 
condition, namely, full publication by the 
patentee. Again, Mr. Thompson says of joint 
patentees that ‘‘each can grant licenses inde- 
pendently of the other,” omitting to point out 
that it is by no means clear that the royalties 
will not belong to both. The well-known case 

Mathers vs. Green decided that a joint 
patentee could work the whole invention for 


. 


his own benefit without accounting to his fel- 





*In the same way Reye, Geometrie der Lage, and 
Bauschinger, Graphische Statik, are employed; of course 
with references, 
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low-patentee ; but that decision expressly left 
open the case of profits to be derived from the 
rant of licenses. Under the head of ‘‘In- 
ringements,” Mr. Thompson writes thus: 
‘Patent trials are proverbially expensive in 
England, the law and procedure being appar- 


ently framed with the special object rather of | 
putting fees into the lawyers’ pockets than of | 


doing justice promptly and cheaply. As the 
cases have to be fought out by lawyers, almost 
invariably utterly ignorant of the technicalities 
of the case, and Lelece judges, learned only, in 
the law, the probabillty of obtaining justice, 
even with a long purse, is not extravagantly 
great. Often, too, when the case comes to a 
hearing, and nearly all the expenses of the law- 
suit have been incurred, the court, conscious of 
its poor qualification for deciding scientific 
and technical matters, persuades the parties to 
put the matter to arbitration.” We are sur- 
prised to find any one with any pretence to ex- 
perience writing in this strain. Surely Mr. 
Thompson must know that the actual cost of 
preparing pleadings and bringing the action to 
issue is trifling to a degree compared with the 
costs of witnesses and the collection of evi- 
dence—costs unavoidable so long as _ novelty 
and utility are essential to a patent. He might 
as justly say that the law and precedure were 
framed with the object of benefiting profes- 
sional expert witnesses—one at least of whom, 
by the way, well known for his ability, is act- 
ually a patent agent. That our courts are in- 


capable of dealing with technical cases is am- 
ply disproved by the way in which the cele- 
brated Plimpton skate was handled by Bench 
and Bar in the many actions in which it was 


involved. As for arbitration asa solution of an 
infringement queston, we can only say that if 
a party or his adviser is sufficiently foolish to 
consent to such a course—and presumably Mr. 
Thompson has met with a case, we have not— 
and so preclude himself from judicial assist- 
ance, he has only himself to blame. 
in this country declines, or can decline, to try 
such an action, if properly presented for its 
decision. Moreover, it is not the fact, as stated 
further on, that the court rarely makes use of 
its power to grant an interim or “ preliminary” 
injunction until the trial is decided. This is 
true in the case of new and untried patents, 
but where the validity of a patent has been es- 
tabfished in another action, such an injunction 
is almost of course. A great part of the book 
is occupied by a very useful analysis of foreign 
laws. So far as we have tested this digest it is 
clear and correct. We would, however, sug- 
gest a few additions. In every case the date, 
or other reference, to the particular law should 
be given, and the Government taxes should be 
inserted. This latter is not always done in the 
book before us, though it is true Mr. Thomp 
son gives invariably the approximate cost of 
obtaining the patent—including therein the 
agent’s fees of course. Moreover, it should be 
stated with more precision whether preliminary 
examination is or is not reyuired. Such in- 
formation for instance, is wanting here under 
the head of ‘‘ Belgium.” The work concludes 
with ‘“‘ Hints for Inventors,” ‘‘ How to Sell a 
Patent,” and some well-merited strictures on a 


No court | 


certain class of ‘‘ Patent Agents.” The defects 
we have indicated do not seriously affect the 
utility of the book. It contains a good deal of 
information in a small space, and will be found 
useful by a large section df our readers.— Zhe 
Engineer. 

—+2>- ——_ 


MISCELLANEOUS, 


H™er or JETs.—J. F. Flagg, C. E., gives, 
in a communication to Hngineering News, 
a new formula for jets of water. 
It is 
A=H—.00127 H? 
H being the head of water, and % the height of 


the jet. 
a or glass-cloth, is a 
name given by Dr. Hirzel, of Leipsic, to a 
gas and water-tight stuff, which’ he has re- 
cently patented. This is produced by placing 
a large smooth piece of so-called gutta-percha 
| paper between two pieces of some not too 
| coarse and dense material—e.y., shirting (un- 
| dressed),—and then passing the arrangement 
| between heated rollers. The outer pieces of 
| the shirting combine in the most intimate way 
| with the enclosed gutta percha to form a ma- 
terial which is impenetrable by gas and water. 
| It may be made still denser and more resistant 
| by being coated on both sides with, e.g., copal 
The material is said to be well adapted to 





| lac. 

form gas-tight membranes for regulators of 
| pressure of compressed gas-bags, or sacks for 
| dry gas-meters, as also dry gas-reservoirs. 


| New MEtHop or DETERMINING THE 
| Hear VALUE oF FuEL.—With regard to 
the important question of the heat value of 
| fuel, it has been proved that conclusions from 
the results of elementary analysis are very un- 
| certain, and, also, that little reliance can be 
| placed on direct evaporization experiments. In 
}a recent paper in Die Chemische Industrie, Dr. 
Wey] points out the faults of these methods, 
and recommends, as preferable, decomposition 
|of the fuel by dry distillation and analytical 
determination of the solid, liquid, and gaseous 
products of decomposition. In this method 
the accident of too small a sample being used 
is avoided, as also too great pulverization and 
drying at high temperature and the decompos- 
ing action of atmospheric oxygen, which is 
therewith connected, and the whole of the coke 
is weighed, and its carbon, hydrogen, and 
mineral constituents determined. The water, 
tar, and gas that are formed are measured, and 
their heat of combustion ascertained with the 
aid of data that have been supplied by Favre 
and Silbermann and Deville. he final result 
will, of course, exceed the true combustion 
value of the coal by the amount of heat equiv- 
| alent to the work of decomposition into coke, 
| tar, and gas. The decomposition of the coal 
| should be done as quickly as possible, and at a 
high temperature. . 





YONFIRMATION OF THE DISCOVERY OF THE 
PLANET VuLcan.—In a communication 
addressed to Rear-Admiral Rogers, Supt. of 
the U. S. Naval Observatory, under the date of 
August 2nd, Prof. J. C. Watson, of Ann Arbor, 
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confirms his reported discovery of the interior 
planet, to which we alluded in last week’s 
issue, in discussing the successful results of the 
late eclipse expeditions. The letter contains, 
likewise, a summary of the observations upon 
which the announcement of the discovery is 
based, and which, coming from so accomplished 
an astronomer as Prof. Watson, leave no 
reasonable doubt as to their genuineness and 
of the accuracy of his inferences. 

With Mars’ moons, and the long-sought-for 
Vulcan, as the contribution of America to this 
deparument of science. within two years, our 


astronomers have earned more than their share | 


of triumphs. The letter is as follows: 

*T have the honor to report that at the time 
of totality I observed a star of the four-and-a- 
half magnitude, in right ascension, 8 hours, 26 
minutes declination, 18 degrees north, which 
is, I feel convinced, an intra-mercurial planet. 
I observed with a power of forty-five, and did 
not have time to change the power so as to 


enlarge the disk. There is no known star in 


the position observed, and I did not see any 
elongation such as ought to exist in the case of 
a comet very near the sun. I will hereafter 
report to you more fully in regard to the 
observations made. The appearance of the 
object observed was that of a ruddy star of the 
four-and-a-half magnitude. The method which 
I adopted preveuts the possibility of error from 
wrong circle readings ; besides, I had memor- 
ized the Washington chart of the region, and 
no such star was marked thereon. By com- 
parison with the neighboring stars on Arge- 
lander’s scale, the magnitude of the planet 
would be fifth, although my direct estimate 
at the time of the observation was four and a 
half, as stated.” —Polylechnic Review. 

N*%. Fire ENGINEs.—The Metropolitan Fire 
1 Brigade have just added to the plant of 
the new chief station, in the Southwark Bridge 
road, two of the most improved form of light 
steam fire-engines, specially suited for rapid 
transmission to a fire. These engines were 
tested on the premises of the makers, (Messrs. 
Shand, Mason & Co.), in the presence of 
Captain Shaw and his officers. Various im- 
provements have been introduced; by means 
of those in the boiler, steam was raised from 
cold water to 100 lbs. on the square inch in 64 
minutes, this being an acceleration of time by 
about three or four minutes as compared with 
the engines previously in use—a most essential 
point, considering the necessity of bringing a 
jet of water to bear upon the fire in the short- 
est possible time. The increasing height to 
which warehouses and public buildings are 
now carried in London rendering it necessary 
for increased pressure in the water jet, has 
been met in these engines by an increased area 
of steam cylinder as compared with the water 
cylinder, while the difficulty of the man in 
charge of the jet being able to shut it off entire- 
ly to avoid unnecessary damage by water, or 
from other causes, without the roundabout 
way of sending a messenger to the engine, 
which may be in another street, has been met 
by the adoption of a patent self-acting apparat- 
us by which the jet may be entirely closed at 
the building on fire without interfering with or 


stopping the working of the engine. 


This is 
accomplished by a special hydraulic safety- 
valve regulated by a spring balance, which 
allows all excess of pressure to be relieved by 
passing the water to the suction-pipe. The 
first of this improved form of engine has been 
sent by the makers to the Paris Exhibition, 

MPORTANCE OF GEOLOGICAL KNOWLEDGE TO 

ENGINEERS.—The value of at least an ele- 
mentary knowledge of geology to the engi- 
neer cannot be over estimated. It is applica- 
ble in nearly every work upon which he may 
be engaged. In the projection of earthworks, 
tunnels, drainage, water supply and the selec- 
tion of sites for any structure, success depends 
largely upon geological considerations. 

The engineer should be familiar with the 
laws governing rock deposition and metamorph- 
ism ; he should know how rocks are frac- 
tured; upheaved and faulted; hé should know 
the characteristics of such as enter his work, 
and he should know their order of succession. 

The stability of earthworks depends quite as 
much upon the character of the underlying 
rock as upon careful construction. A deep 
cut may change a natural drainage, and serious 
results might follow. The trickling of water 
through a severed bed of marl or sand may 
produce a serious earth slip. The dip of the 
beds should be ascertained. 

Railroad and canal embankments and cut- 
tings could oftentimes be more wisely located 
at a great saving of cost. True, circumstances 
may compel their location at points not geo- 
logically economical, but the engineer who 
can foresee the evils that might follaw from 
such location, will best be enabled to prevent 
disaster. Enormous expense has attended re- 
pairs resulting from the ignorance or neglect 
of such anticipation. More than $100,000 
were required to remedy the slips in the Breval 
cut (3000 ft.), on the Paris & Cherbourg railway. 

In tunneling, a knowledge of stratification 
is absolutely necessary, for without it no true 
estimate can be made. Even the genius and 
skill which projected that grand work, the 
St. Gothard tunnel, have had their brilliancy 
clouded by the blundering miscalculation of 
its cost. Want of thorough geological inquiry 
seems evident. 

The engineer should know what probable rock 
will be found at acertain depth, whether or 
not water may be expected, and if so, under 
what pressure. 

The location of reservoirs should not be 
determined by merely superficial observation. 
The suitability of the underlying stratum 
should be settled. The fact that certain rocks 
allow water to pass freely through them, while 
others are almost absolutely impermeable, is as 
important in its application to rocks out of 
sight as to those at the surface. Land slips 
teach us this. 

More time might be expended economically 
in the careful examination of the surface rock; 
it might be permeable without seeming so ; it 
might be connected with a permeable stratum 
containing injurious soluble matter ; or there 
might be a near limit to its retentive power. 
A little attention in this direction might be as 
profitable as good construction. 





